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PREFACE TO THE MOLLUSCA 


The general plan of classification adopted in this work is not 
that of any single authority. It has been thought better to 
adopt the views of recognised leading specialists in the various 
groups, and thus place before the reader the combined results of 
recent investigation. This method may, perhaps, occasion a 
certain irumber of small discrepancies, but it is believed that the 
ultimate effect will be to the advantage of the student. 

The classification adopted for the recent Cephalopoda is that 
of Hoyle (‘ Challenger ’ Reports, Zoology, vol. xvi.), for the fossil 
Cephalopoda (Nautiloidea) that of Foord {Catalogue of the Fossil 
Cephalopoda in the British Museum, 1888-91), and (Ammonoidea) 
r. Fischer (Manuel de Conchyliologie, 1887). In the Gasteropoda 
the outlines are those adopted by Pelseiieer {Mdm. Soc. Malacol. 
Belg. xxvii. 1894), while the details are derived, in the main, 
from P. Fischer. The Amphineura, however, have not been 
regarded as a separate class. The grouping of the Nudi- 
brauchiata is that of Bergh (Semper, Reisen im Archipel der 
Philippinen, ii. 3). The Pelecypoda are classified according to 

Pelseneer's most recent grouping. 

Acknowledgment of tlie principal sources of information has 
been made in footnotes, and a short list of leading authorities has 
been appended to the chapters on anatomy, for the use of 
students desirous to pursue the subject further. In the case of 
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geograpliical distribution the authorities are too numerous and 
scattered to admit of a list being given. 

A special word of thanks is due to Mr, Edwin Wilson for 

his patient care in preparing the illustrations, the majority of 

which are taken from specimens in the University Museum of 

Zoology. Mr. Edgar Smith, besides affording the kind help 

which visitors to the British Museum always experience at 

his hands, has permitted me to use many specimens for the 
purposes of illustration. 

A. H. COOKE. 


King’s College, Cambridge, 
20^/i. December 1894. 
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CHAPTER I 


WTRODUCTION POSITION OF MOLLUSCA IN THE ANIMAL KING- 
DOM CLASSIFICATION ORIGIN OF LAND AND FRESH-WATER 

MOLLUSCA 


It is the generally accepted opinion among men of science that 

all life originated in the sea. Not that all parts of the sea are 

equally favourable to the development of forms of life. The 

ocean surface, with its entire absence of shelter or resting-place, 

and the deep sea, whose abysses are always dark and cold and 

changeless, offer little encouragement to plant or animal life, as 

an original starting-point. True, both the surface and the depths 

of the sea have become colonised by myriads of forms, Mollusca 

amongst them, but these quarters are in the truest sense colonised, 

for the ancestors of those who inhabit them in all probability 
migrated from elsewhere. 


It was no doubt the littoral region and the shallow waters 
immediately below it, a region of changeable currents, of light 
and shade, of variation, within definite limits, of temperature 
and tide effects, which became the scene of the original develop- 
ment of plant life, in other words, of the food -supply which 
rendered possible its colonisation by higher animals. But the 
littoral region, besides the advantages of tenancy which it offers 
to animal life, has also its drawbacks. The violence of the surf 
may beat its inhabitants in pieces, the retreat of the tide exposes 
them, not merely to innumerable enemies in the shape of pre- 

^ ^Sts, but also to a change in the atmospheric 
me^um by which they are surrounded. Hence, in all proba- 

adaptation which are 
calculated to bring about the ‘survival of the fittest'; hence to 
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narrow onr point of view to the Mollusca, the development of 
hard shells, or exoskeletons, hence the sand-burrowing, rock-boring, 
rock-clinging instincts of various genera and species.^ 

What was the primitive form of molluscan life is little likely 
to be ever positively known, although, on grounds of comparative 
anatomy, something approaching to the archi-mollusc is often 
constructed, with more or less probability, by careful observers. 
From one of the oldest known geological strata, the Cambrian, 
nearly four hundred species of Molluscs are known, which include 
representatives of nearly all the great Orders as they exist at the 
present day, and without the slightest sign of approximation to 
one another. With regard to the origin of the land and fresh- 
water Mollusca some definite conclusions can be arrived at, which 

will be given in their proper place. 

Scarcely any portion of the coast -line of the world is desti- 
tute of molluscan life, except in regions where extreme cold 
forbids its existence. Thus along the shores of Northern Asia 
there is nc proper littoral fauna, the constant influence of travel- 
ling ice sweeping it all away; animal life begins at about 
three fathoms. But in every coast region not positively hostile 
to existence Mollusca make their home. Each description of 
habitat has its own peculiar species, which there flourish best, 
and exist precariously, if at all, elsewhere. Thus the sandy 
waste of estuaries, the loose and shingly beaches, the slimy mud- 
flats beset with mangroves, the low stretches of jagged rock, 
and even the precipitous cliffs, from whose base the sea never 
recedes, have all their own special inhabitants. The same is 
true of the deep sea, and of the ocean surface. And when we 
come to examine the land and fresh-water Mollusca, it is found 
not merely that some Mollusca are terrestrial and others fluvia- 
tile, but that certain species haunt the hills and others the 
valleys, some the recesses of woods and others the open meadow 
sides, some prefer the limestone rocks, others the sandy or clayey 
districts, some live only in still or gently moving waters while 
others are never found except where the current is rapid and 

powerful 

It is within the tropics that the Mollusca become most nim- 
erous, and assume their finest and quaintest forms. A tropical 
beach, especially where there is a good tide-fall and considerable 

^ See especially Moseley, Nature, 1885, p. 417* 

^.v * 
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A TROPICAL BEACH 


. _ . * c 

variety of station, abounds in moUuscan life to an extent which 

must literally be seen to be believed The beach at Panama, to 
select an instance familiar to the present writer, is astonishingly 
rich in species, which probably amount in aU to several hundreds. 
This IS due to the immense variety of habitat. On the rocks 
at high-water mark, and even above them, occur Truncatella 
Melampus Littorina, and Sipkonaria ; where a mangrove-swamp 
replac^ the rock, on the branches overhead are huge Littorina 
while three species of Cerithidea crawl on the mud, and Cvrena 
and Area burrow into it. Lower down, in the rock pools at 

r2 T Purpura, Omphalius. An^his 

(2 sp.), Na^sa, and several CrepidvXa. At low - water mark of 

and V^tr^nMa ; under the blocks which rest on soilH^ k Z 
ppraea (4 or 5 sp.), Cantharus, more Anachis, Columhdla (3 

the blocks of rock are rather muddy, lurks, and with S 

pSm ^ /Tk- “““ “ Sat -topped 

huge Chitons 3 inches long conceal themselves, with two^ species 
0 Mo, Purpura and Clavdla. At extreme low-waL Tai 
f spring tides, on the isolated rocks are Monoc^o\ Leucozonia 
nd %n them are Pholas and a burrowing Mytilv^ 

P^hes^r din“”^ friUed Murice^. 

Patches of clean gravelly sand here produce Strombus ■ on 

exactly fittiog p,eadth. On the iS 1“' 

north glide about Marginella, Niam and Tru'ncaHd in the clean 
^nd atretch to the west Olivia plough. X?’ tnS” 

the> I species of Mtzea, and Tdlina and Potiox burv 

^h r “‘“'i, %<fc and mo^ 

scribed to a few square feet at the most Id it 
domain. “ywnere except in its own special 

^.mUy abundant are the land MoUuKa of the tropic. Prof 
four mile, long and one mUe broad, he obtained no fewer th^ 
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one hundred species. Mr. J. S. Gibbons, in a description of 
the Mollusca he obtained near St. Ann^s, Cura^o, gives a 
lively picture of their abundance in an exceptionally favoured 
locality : — ^ 

Near the outskirts of the town a waste piece of ground 
supplied me with occupation for all the time I had to spare. 
Neither grass nor water was to be seen, the only vegetation 
consisting of a few stimted cacti and still fewer acacia bushes. 
This, however, was so rich in shells that of several species enough 
specimens could have been collected in a few yards to supply, 
I should suppose, all the shell cabinets in the world. . . . 
The stones, plants, and ground were covered with Strophia uva 
L., Tudora megdcheila, P. and M., was in equal abundance, 
suspended by its silk-like thread from acacia boughs, or strewed 
thickly on the ground underneath. A Bulimidus (B. multi- 
lineatus var. sisalensis) abounded on the smaller boughs, while 
under masses of coral Macroceramus inermis Gundl., Pupa par- 
raiana d’Orb, and P, pellucida Pfr., were abimdant. In the loose 
soil Cylindrella Baveni Bland, Cistula Maveni Bland, and a curious 
Cionella were so numerous that a spade would have been the 
best instrument with which to collect them. I wasted a good 
deal of valuable time in separating them from the soil, when by 
simply taking away a few handfuls of mould, I might have 
obtained a larger number of specimens. A species of Stenogyra 
and a Succinea complete a list, all of which might have been 
gathered from almost any square yard of ground on the hillside.” 

% 

Position of Mollusca in the Animal Kingdom. — Up to 

very recent times it was usual to regard the Mollusca as one 
of the four subdivisions of a great family known as Malacozoa, 
the subdivisions being (1) Mollusca, (2) Tunica ta, (3) Brachio- 
poda, (4) Polyzoa or Bryozoa. This classification is still retained^ 
in the leading modern manual on the subject.^ The progress, 
however, of investigation leads to the belief that the Mollusca 
are not so closely related to these other groups as such a classi- 
fication would seem to imply. The Tunicata, for instance, 
appear, from the whole course of their development, to occupy 

' Quart. Joum. Conch, i. p. 371. 

* Manuel de Conchyliologie et de PaUoTtiologic Cwichyliologique. Dr. P. Fischor 
Pwia, 1887. 
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a position near to the Vertebrata. The relations of the Brachio- 
poda and Polyzoa will be more particularly referred to in that 
part of this History which deals especially with those groups. 
The position of the Mollusca is, in many respects, one of con- 
siderable isolation. Any attempt, therefore, definitely to relate 
them to one group or another, is, in all probability, to go further 
than the present state of our knowledge warrants. Especially 
to be deprecated are systems of classification which confidently 
derive the Mollusca in general from this or that group. The 
first undisputed traces of animal life, which appear in the 
Cambrian epoch, exhibit the same phyletic distinctions as now 
exist. Sponges, Echinoderms, Mollusca, and Worms, formed 
already, in those immeasurably remote ages, groups apparently 
as generally distinct from one another as they are at the present 
time. It would seem that any theory of development, which 
confidently teaches the derivation of any one of these groups 
from any other, is, in the present state of the evidence before us, 
hazardous in the extreme. 

Some indications of relationship, which must not be puslied * 
too far, may be drawn from a consideration of embryonic re- 
semblance. An especial characteristic of the Mollusca is the 
possession of a particular form of larva, which occurs in one of 
the stages of development, known as the trockosj)here (see p. 130). ^ 
This form of larva is shared with two orders of Annelida, the 
Chaetopoda and the Gephyrea armata, and, in all probability, ^ 
with the Polyzoa as well. It may also be signifiaint that the * 
adult form in Botifera bears a close resemblance to the trocho- 
sphere larva in those groups. 

Basis of Classification. — The Mollusca are divided into 
four great Orders — Cephalopoda, Gasteropoda, Scaphopoda, 
and Pelec3rpoda.^ Each name, it will be noticed, bears reference 
to the ‘ foot,* t.e. to the organ of motion which corresponds in 
. function to the foot in the Vertebrata. 

• • In the Cephalopoda the feet, or, as they are more frequently 
• termed, the ' arms,* are arranged symmetrically round the head 
or mouth. The common forms of ‘ cuttle-fish * {Octopus, Loligo) 
are familiar examples of Cephalopods. 

The Gasteropoda crawl on the flat under -surface or ‘sole* 

^ K€<pa\fi, licod ; yaaHjp, stomacli ; <r#cdTTctv, to dig ; ttAckus, au axu ; roOs 


6 


CLASSIFICATION 


CHAP. 


of the foot. Snails, slugs, sea-hares, whelks, periwinkles, and 
coats-of-riiail or chitons are examples of this Order. 

The Scaphopoda possess a long tubular shell open at both 
ends ; with their small and elongated foot they are supposed to 
dig into the mud in which they live. The common Dentalium 
or tusk-shell of our coasts is a representative of this Order. 



Fio. 1. — Examples of tlie four 
Orders : A, Cephalopoda ; 
B, Gasteropoda ; C, Scapho 
poda, and D, Pelecypodi. 

A, OmmcLstrephes sagiitatus 
Lam., Naples : a, a, arms 
surrounding the mouth ; /, 
funnel ; the two * tentacu- 
lar * arms, x f . B, Buccinuni 
undatum L., Britain: /, foot; 
pTy proboscis. x C, Den- 
talium entalis L., Norway : /, 
foot. D, Cardium Mongum 
Chem., Naples : fy foot ; 5, 
efferent or anal siphon ; s\ 
afferent or branchial siphon. 

X J. 


The Pelecypoda ^ are enclosed in a bivalve shell fastened by a 
muscular hinge, the adjacent part of the valves being generally 
more or less toothed ; the foot is as a rule roughly comparable 
to the shape of an axe-head. 

To these four Orders is frequently added a fifth, the Pteropoday 
whose exact position is at present not absolutely settled. The* 
Pteropoda ^ are ^ pelagic," i,e. they live in the open waters of tlie 
ocean, rising to the surface at night, and sinking into cooler water 
hy day. They are provided with a pair of wing-like appendages 

* Alao known an Z^nuUtbranchuUay Conchifera and Acepliala, 

* vTep6p, wing. 
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or ' feet/ on each side of the head, by means of which they are 
enabled to swim. Some authorities regard the Pteropoda as a 
subdivision of Gasteropoda, others as forming a separate Order, 
of equivalent value to the other four. The question will be 
further discussed below (see chap, xv.), but for the present it will 
be sufficient to state that the weight of evidence appears to 
show that the Pteropoda are modified Gasteropoda, with special 
adaptations to pelagic life, and are therefore not entitled to rank 
as a separate Order. 

Some writers conveniently group together the first three of 
these Orders, the Cephalopoda, Gasteropoda, and Scaphopoda, 
under the title Glossophora,^ or Mollusca furnished with a 
radula or ribbon-shaped ‘ tongue,’ set with rows of teeth and 
situated in something of the nature of a head, as distinguished 
from the Aglossa (or Lipocephcda)^ i.e. those Mollusca which 
have no radula and no head. To the latter belong only the 
foiu-th Order, the Pelecypoda. This view postulates, for the 
primitive ancestral Mollusc, a body with a more or less developed 
head, and possibly the rudiments of an apparatus for grinding 
or triturating food. This form, it is held, either developed or 
degenerated. In the former case, in consequence of the more 
active mode of life upon which it may be supposed to have 
entered, it gave rise to all the more highly organised forms 
which are grouped under the three great Orders. When, on the 
other hand, the ancestral form associated itself with an inactive 
or sedentary life, it was, we may believe, modified accordingly, 
and either lost by atrophy or failed to acquire those special 
points of organisation which characterise the highly-developed 
form. Hence the Pelecypoda, or bivalves, whose characteristic 
is the absence of any definite cephalic region or masticatory 
apparatus. It is a remarkable fact in support of this theory 
of the origin of the Aglossa that certain of their larvae are 
known to possess traces of higher organisation, e.g. an external 
mouth and eyes, the former of which becomes covered by the 

mantle lobes, while the latter disappear long before the adult 
stage is reached. 

* yXuHTffa, tongue ; to carry. « Xelvetp, to be wanting. 
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Thus we have 


MOLLUSCA 


Glossophora 


Aglossa 


Cephalopoda Gasteropoda Scaphopoda 


Pelecypoda 


Classification of Gasteropoda. — The Gasteropoda are nu- 
merically very largely in excess of the two other Orders of the 
Glossophora, far more complicated as regards classification, and 
contain a large proportion of those examples of the Mollusca 
which are most familiar to the ordinary observer. It will there- 
fore be convenient to postpone for the present a fuller discussion 
of the subdivisions of the Cephalopoda and Scaphopoda, as well 
as of the Aglossa, returning to them again in special chapters 
(chaps, xiii. and xvi.), and to devote a few introductory words to 
the classification and relations of the Gasteropoda. 

The Gasteropoda are divided into four Classes, Amphineura, 
Prosohranchiatay Opisthohranchiatay and Pulmonata, 

(1) The Aviphineura'^ are bilaterally symmetrical Mollusca, 


r 

CL 

Fio. 3. — An example of the 
Aplacophora, Ntonnenia ca- 
rinata Tullb. : a, anus ; gr, 
ventral groove ; tn, mouth. 


Pio. 2. — An example of the 
Polyplacophora : Chiton spin- 
ones Brug. 

with organs either single and central, or paired and disposed 
on either side of the longer axis of the animal. The shell, when 

* on both sides ; wsvposy nerve, vessel. Some authorities reganl the 

Aiiipliineiira os a distinct Orrler. 
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present, is never spiral, but consists of eight overlapping plates, 
kept together by an elliptical girdle. The Amphineura are 
divided into (a) Polyplacophora^ or Chitons, and (6) Aplatophora 
(Chaetoderma and Neomenia). 

(2) The Prosobranchiata^ are so named from the fact that 
the breathing organ (branchia or ctenidium is as a rule situated 
in front of the heart, the auricle at the same time being in front 
of the ventricle. They are asymmetrical, almost always furnished 
with a shell, which is at some time spiral, and with an operculum. 
The sexes are separate. They are either marine animals, or 
can be shown to be more or less directly derived from genera 
which are marine. They are divided into (a) Piotocardia * 
(Haliotis, Fissurella, Trochus, Nerita, Patella), which have, or 
whose immediate ancestors are believed to have had, two 
auricles to the heart, two sets of breathing organs, two kidneys, 
but no proboscis, penis, or 
siphon, and (Z>) Monoto- 
cardia,^ in which the heart 
has only one auricle, the 
true breathing organ is 
single, and there is a single 
kidney. To this division 
belong the great majority 
of marine univalve Mol- 
lusca, e.g, Cypraea, Bucci- 
Tiurn, MuveXj Littovindj 
lanthina, all the land and 
fresh - water operculates 

{Cyclostoma, Melania, Pa- 
Indiyia, etc.), as well as the Metevopoda, which are a group of 
Ih'osobranchiata which have betaken themselves to a pelagic life. 

(3) In the Opisthohrcmchiata^ the breathing organs (when 
present) are behind the heart, and the auricle of the heart is 
consequently behind the ventricle. They are asymmetrical 
marine animals; usually, but by no means always, without a 
shell, scarcely ever with an operculum in the adult state. The 


Ir 

0 



Fia. 4. — Example of a Heteropod, Carinaria 
mediterranea Lam., Naples : a, anus ; hr, 
branchia ; /, foot ; i, intestine ; m, mouth ; 
p, penis ; s, sucker ; sh^ shell ; t, tentacles. 
X i. The animal swims foot uppermost. 


^ ToXiJs, i.iany ; 7rXd$, plate. 

- wphau), in front. Often alluded to in the sequel as ‘operculate Gasteropoda.* 

® KT€¥lSiotf, a little comb. * cuw, two ; fxhyoi, single ; urra, auricles ; Kapdla, heart. 
® 6irur0€y, liehind. 


o 



lO 


CLASSIFICATION OF GASTEROPODA 


CHAP. 


^xes are united in the same individual. The Opisthobranchiata 
tall into two divisions : («) Tectibranchiata. in which the breathina 
organ is more or less covered by the mantle, and a shell is 
usually present, which is sometimes rudimentary, e.g. BvUa, 







Fio. 5. — ^A, A Tectibran- 
chiate Opisthobranch, 
(JmbreUa mediterra- 
nea Lam., Naples : a, 
amis ; br, braiichia ; y, 
foot ; 7?i, mouth ; rA, 
rhiuophores ; sh^ shelL 

B, A Pterojiod, //ya- 
laea tridentata Forsk., 
Naples : sh, shell ; /, /, 
swiiiimiug lobes of foot. 

C, A Nudibranchi- 
ate Opisthobraiich, Ae- 
olis peregrirKL, Naples : 
ft foot ; c, cerata. 


^lysia. Umbrella, and the whole group of Pteropoda ; (5) Nvdi- 

braTwkxata, or sea slugs, which have no shell and no true 

ctemdia, but breathe either by the skin, or by ‘cerata’ or 

^piUiform organs prominently developed on the back: e.q. 

JJoTiSt Aeolis, Dendronotus, 

(4) The Pulmonata^ are asymmetrical air-breathing non- 



Helix hort^rutiM Hfiili • * * * tentacles. Pulmonata Stylommatophora, 

r * • ^» ^» eyes j tf it tentacles ; p, Ot pulmonary orifice ^the 

position of the pulujouorv orifice in Lift u onnee ^^ne 

Fig. 101). ^ «'w"ury oriDce m Ltmruua will be seen by reference to 


marae MoUusca, generally, but not always, furnished with a 
shell The sexes are always united in the same individual, and 
the operculum is always wanting, except in Amphibola. They 

* Pulnut, a lung. 


CHAPTER II 


LAND AND FRESH-WATER MOLLUSCA, THEIR HABITS 

AND GENERAL ECONOMY 

« 

The majority of the Land Mollusca are probably more sensitive 
than is usually believed. The humidity of the air must affect 
the surface of their skin to a considerable extent. Every one 
has noticed how the snails ‘ come out ^ on a damp evening, 
especially after rain. As a rule, they wait till rain is over, 
probably objecting to the patter of the drops upon their delicate 
tentacles. Snails kept in captivity under a bell-glass are acutely 
sensitive of a damp atmosphere, and will bestir themselves after 
rain just as if they were in the open air. Certain Helices which 
are accustomed to live in moist places, will find their way to 
water, if removed from their usual haunts. A case is recorded ^ 
of a specimen of H. arhustorum^ kept in a kitchen, which used 
to find its way directly under the cold water tap, and appeared 
to enjoy the luxury of a douche. How delicately the conditions 
of life are balanced in some of these creatures is seen in the case 
of Omalonyx, a genus akin to Succinea, which is found in Brazil 
and the northern parts of South America. It lives creeping on 
plants which overhang the margin of water, but perishes equally, 
.if placed in the water itself, or removed to a distance from it for 
any length of time.^ 

Endurance of Heat and Cold. — The Mollusca are capable, 
at least as far as some species are concerned, of enduring severe 
extremes both of cold and heat. The most northern pulmonate 
yet observed is a fresh-water species, Physa {A'plectcC) hypnorum L. 
This hardy mollusc, whose shell is so fragile as to need most 
careful handling, has been noticed on the peninsula of Taimyr, 

^ T. Scott, Joum, of Conch, v. p. 230. 


2 J. S. Gibbons, ibid. ii. p. 129. 
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North Siberia, in 73° 30^ N. lat., a region whose mean annual 
temperature is below 10° F. with a range of from 40° F. in July 
to — 30° F. in January. 

It is well known that the Limnaeidae, and probably most 
fresh-water Mollusca of sub-temperate regions, can continue to 
live not merely under, but enveloped in ice, and themselves 
frozen hard. Gamier relates^ that, during the winter of 1829- 
30, some large lAmnaea auricularia, which had been placed in a 
small basin, were frozen into a solid mass, experiencing a cold 
of— 2° F. He supposed they were dead, but, to his surprise, 
when the basin thawed, the Limnaea gradually revived. Paludina 
vivipara and Anodonta aTiatina have been known to resist a 
temperature of 23° F., and the former has produced young shortly 
after being thawed out of the ice.^ As far north as Bodo in 
Norway (67° 37^ N. lat., well within the Arctic circle) there 
are found no less than fourteen species of terrestrial Mollusca, 
among them being Balea perversa and Clausilia rugosa? 

Vitrina is one of our most hardy molluscs, and may be 
observed crawling on bright mornings over the frost -covered 
leaves of a wood or copse. V, glacialis is said by Charpentier 
to. live in the Alps at a height where the stones are covered with 
snow from nine to ten months of the year. Many of the Hyalinia^ 
are very hardy. Arion, in spite of having no external shell to 
protect it, is apparently less affected by the cold than Helix, and 
does not commence hibernation till a later period in the autumn. 
The operculate land Mollusca, in spite of the protection which 
their operculum may be supposed to afford, are exceedingly 
sensitive to cold, and the whole group is without doubt a product 
of tropical or semi-tropical regions (see map at frontispiece). A 
species of Helicina which inhabits the southern States of North 
America has been known to be almost exterminated from certain 
districts by the occurrence of an unusually severe winter. 

One of the highest altitudes at which a land shell is known 
to live appears to be the Liti Pass (Himalayas, 14,000 ft.). At 
this enormous altitude, two species of Bvliminus {arcuatus Hutt. 
and nivicola Bens.) live on juniper bushes among patches of 
snow. An Aruidenus is said to have been found in a similar 

^ BulL Soe. Linn, Nord, Abbeville, 1840, p. 150. 

* Joly, CompUs Bendus, 1842, p. 460 ; compare W. A. Gain, Science Oostip,’ 
xxviL p. 118. * Von Martens, SB. Nal. Ft. Bert, 1881, p. 84. 
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locality at 15,000 ft., while Limiuua Hookeri has been taken 
from over 16,400 ft. in Landovir. In the Andes of I cm and 
Bolivia, five species of B-ulimtdus, one of Pupa, and one of JAmcue 
occur at an elevation of 10,500 to 15,000 ft. Several fresh- 
water MoUusca inhabit Lake Titicaca, which stands at a height 

of 12,550 ft. in the Bolivian table-land. 

In certain parts of the desert of Algeria, where there is not 
a trace of vegetation to he seen, and the temperature at inid-day 
is 110° F., the ground is sometimes so covered with Relix lactea 
as to app^r perfectly white. Dr. F. H. H. Guillemard has told 
me that he noticed, in somewhat similar surroundings between 
Fez and Tangier, R. pisana in such extraordinary abundance 
that they himg from the low scrub in bunches the size of a man’s 
two fists. It is singular that MoUusca should Uve, and not 
only Uve, but flourish, in locaUties apparently so unpromising. 
SbeUs which occvir in the Algerian Sahara are actuaUy larger 
and altogether finer than the ordinary European form of the same 
species. In order to protect themselves to some extent against 
the scorching heat and consequent evaporation, desert species 
are frequently modified in one of two ways ; the sheU becomes 
either white or a light dusky brown, as in the fa miliar Relix 
desertorum, or else it gains immensely in thickness. Specimens 
of R. pomatia, recently procured from Fez, are of extraordinary 
thickness as compared with forms from our own chalk downs of 
Kent and Surrey. 

Fresh -water MoUusca are frequently found inhabiting hot 
springa Thus Neritirta Jluviatilis Uves at Bagn^res de Bigorre 
in water at about 68° F. In another hot spring in the eastern 
Pyrenees a Bithynia Uves at a temperature of over 73° F. ; while 
BlainviUe mentions another case of a Bithynia Uving in water 
at 122° F. 

Hibernation and Aestivation. — ^As autumn begins to draw 
on, and the first frosts to nip vegetation, terrestrial species retire 
beneath stones, into cracks in old walls, holes in tree trunks, 
deep fissures in rocks, and nooks and crannies of every kind, 
or else bury themselves deeply in the earth or in moss and 
heaps of leavea They thus commence their period of hiberna- 
tion, which varies in length according to the duration of winter. 
Frequently masses of HeUces may be found attached to one 
another, probably not so much for the sake of warmth, for their 
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temperature is but low, as to share the comforts of a cosy 
retreat in common. Slugs generally hibernate alone, excavating 
a sort of nest in the earth, in which they encyst themselves, 
contracting their bodies until they are almost round, and secret- 
ing a covering of their own slime. The Helices usually close 
up the mouth of their shell by the formation of a membranous 
or chalky epiphragniy which will be further described below. 
Both snails and slugs take care to be in good condition at the 
time their winter sleep begins, and for this reason the former 
are said to be most esteemed by foreign epicures if captured just 

at this period.^ 

During hibernation, the action of the heart in land Pulmonata 
ceases almost entirely. This appears to be directly due to the 
effect of cold. Mr. C. Ashford has related 2 some interesting 
experiments made upon H. hortensis and SyaL cello/riay with the 
view of ascertaining the effect of cold upon their pulsations. 
His observations may be tabulated as follows : 


Number of pulsations per minute. 

' N 

Helix hortensis, Hyal. cellaria. 


22 

21 

14 

12 

10 

11 

4 

9 


At degrees Fahr. 

52 “ 

44 “ 

38 “ 

30 “ 


At low temperatures the character, as well as the number of 
the pulsations changed ; they became imperfect and intermittent, 
although exceptionally at 31° F. a H, rufescens gave live or six 
pulsations a minute, very full and deliberate. The result of 
taking the Hyalinia suddenly into the heat of a greenhouse 
was to bring on palpitations. Further experiments resulted in 
evidence of a similar kind. Hyal, radiatulay placed upon a deal 
table in a room, showed 52 pulsations per minute at 62 F. 
Placed upon the palm of the hand, the action soon rose to 108. 
Hyal, alliaria, similarly treated, rose from 72 pulsations to 110. 
Floated upon water, the action of the heart of the latter suddenly 

fell to 29. 

Fresh -water Pulmonata do not appear to hibernate. Umo 
and Anodontay however, bury themselves more deeply in the 
mud, and Dreissensia casts off its byssus and retkes under the 

^ Moquin-Tandon, Moll, de Fraru^y i. p. 116. 

» Joum, ofC(mch, iii. p. 321 f.; iv. p. 13 ; Sdsrue Ooss. 1866, p. 158. 
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mild in deeper water.' Limnaea and Planorhis have often been 
noticed to crawl about under the lower surface of a thick coating 
of ice. In periods of prolonged drought, when the water in 
the ponds dries up, the majority of genera bury themselves in 
the mud. I have known Limnaea 'peregra bury itself three 
inches deep, when surprised by a sudden fall of the water in 
the ditch on Coe Fen, behind I’eterhouse, Cambridga Physa 
hypnorum frequents by preference ditches which dry up in 
summer, as does also Planorhis spirorhis, the latter often form- 
ing a sort of epiphragm against evaporation. Ancyhcs has been 
observed to spend the whole winter out of water, and P, spirorhis 
has been noticed alive after four months* desiccation. ^ 

True aestivation, however, occurs mainly in the tropics, 
where there is no winter, but only a period when it is not quite 
so hot as the rest of the year, or on a coast like tlie Mediter- 
ranean, which is subject to sudden and severe heat. This period 
is usually rainless, and the heat is therefore a dry heat. At 
this season, which may last for three or four months, most of the 
land Mollusca enter upon a period of inaction, either burying 
themselves deeply in the ground, or else permanently attaching 
themselves to the stalks of grass and other herbage, or the under 
sides of rocks. For instance, the large and beautifully painted 
Orthalicus, Corona, and Porphyrohaphe, which inhabit Brazil, 
Ecuador, and eastern Peru, bury themselves deeply in the 
ground during the dry season, while in the rains they climb to 
the topmost branches of the great forest trees.® Thus it may 
well happen that a visitor to a tropical island, Ceylon for 
instance, or one of the Greater Antilles, if he time his visit to 
coincide with the rainless season, may be grievously disappointed 
at what seems its unaccountable poverty in land Mollusca. But 
as soon as the weather breaks, and the moisture penetrates their 
retreats, every bush and every stone, in favoured localities, will 
be alive with interesting species. 

The Epiphragm. — A considerable number of the land Pul- 
monata (and a very few of the fresh-water) possess the power 
of closing the aperture of their shell by means of what is known 
as an epiphragm or covering of hardened mucus. This epi- 
phragm is habitually formed by certain species during hibernation 

' Reichcl, Zool. Anji. x. p. 488. 2 Schumann, Schr. Gcs. Danz. (2) vi. p. 159. 

^ Fischer and Crosse, Mexico, p. 437. 



28 


THE EPIPHRAGM 


CHAP. 


or aestivation, or even during shorter periods of inactivity 
and retirement, the object being, either to clieck evaporation of 
the moisture of the body, or to secure the animal against the cold 
by retaining a thin layer of slightly warm air immediately 
within the aperture of the shell 

The epiphragin differs widely in character in different species, 
sometimes {Clausilia, Pupa, Plauorhis) consisting of the merest 
pellicle of transparent membrane, while at otliers {Helix apcrta, 
H. pomatia) it is a thick chalky substance, with a considerable 
admixture of carbonate of lime, with the consistency of a hard- 
ened layer of plaster of Paris. Within these extremes every 
variety of thickness, solidity, and transparency occiu*a During 
long hibernation several epiphragms are not unfrequently formed 
by the same individual snail, one witliin tlie other, at gradually 
lessening distancea The epiphragm thus performs, to a certain 
extent, the part of an operculum, but it must be remembered 
that it differs radically from an operculum physiologically, in 
being only a temporary secretion, while the operculum is actually 
a living part of the animal 

The actual mode of formation of the epiphragm would seem 
to differ in different speciea According to Fischer,^ the mollusc 
withdraws into its shell, completely blocking all passage of air 
into the interior, and closing the pulmonary orifice. Then, from 
the middle part of the foot, which is held exactly at the same 
plane as the aperture, is slowly secreted a transparent pellicle, 
which gradually thickens, and in certain species becomes cal- 
careous. Dr. Binney, who kept a large number of Helix hortensis 
in confinement, had frequently an opportunity of noticing the 
manner in which the epiphragm was formed.* The aperture of 
the sheU being upward, and the collar of the anim al having 
been brought to a level with it, a quantity of gelatinous matter 
is thrown out [? where from]. The pulmonary orifice is then 
opened, and a portion of the air within suddenly ejected, with 
such force as to separate the viscid matter from the collar, and 
to project it, like a bubble of air, from the aperture. The animal 
then quickly withdraws farther into the shell, and the pressure 
of the external air forces back the vesicle to a level with the 
aperture, when it hardens and forms the epiphragm. In some 

* Jaunt, dr. Canrh. ir. p. 397, but the species observed is not mentioned. 

* Bvdl. Mus. C. Z. Harv. ir. p. 378. 
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of the European species in which the gelatinous secretion con- 
tains more carbonate of lime, solidification seems to take place 
at the moment when the air is expelled, and the epiphragm in 
these is in consequence strongly convex. 

Thread-spinning. — considerable number of fresh-water 
Mollusca possess the power of stretching a thread, which is no 
more than an exceedingly elongated piece of mucus, to the 
surface of the water, and of iising it as a means of locomotion. 
This thread bears no analogy whatever to the fibrous byssus of 
certain bivalves, being formed in an entirely different manner, 
without the need of a special gland. 

The threads are ‘ spun ’ by several species of Limnaea, Physa, 
and PlanorhiSy by Bithynia tentaculcUa, and several of the 
Cycladidae. They are anchored to the surface by a minute 
concavity at the upper end, which appears to Act like a small 
boat in keeping the thread steady. The longest threads are 
those of the Physae, which have been noticed to attain a length, 
in confinement, of 14 inchea They are always spun in the 
ascent, and as a rule, when the animal descends, it rolls the 
thread up and carries it down as it goea A single tliread is 
never spun on the descent, but occasionally, when a thread has 
become more or less of a permanence, it becomes stronger by 
the addition of more mucus each time it is used, whether for 
ascending or descending purposea Cyclas cornea appears to be 
an exception to the rule that threads are only spun on the 
ascent. This species, which is particularly fond of crawling 
along the under surface of the water, has been noticed to spin 
a thread half an inch in length while on the surface, and to han<y 
suspended fixim it for a considerable time. ^ 

What the exact use of the thread may be, must to a certain 
extent be matter of conjecture. The Limnaeidae are, in the 
great majority of cases, compelled to make periodic visits to the 
surface in order to inspire oxygen. It is also a favourite habit 
with them to float just under the surface, or crawl about on its 
under side, perhaps in pursuit of tiny vegetable orgiuiisma 
Whatever may be the object of an excursion to the surface, a 
taut thread will obviously be a nearer way up than any other 
which is likely to present itself; indeed, without this thread- 
spinning power, which ensures a tolerably rapid arrival at the 
surface, the animal might find itself asphyxiated, or at least 
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seriously incouvenienced, before it could succeed in taking in 
the desired supply of oxygen. With the Cycladidae, which do 
not breathe air, such an explanation is out of place ; in their 
case the thread seems to be a convenient means of resting in 
one position in the intervals of the periods of active exercise to 
which several of the species are so much addicted. 

The power of suspension by a thread is also possessed by 
certain of the Cyclostomatidae, by some Cerithidea, several Rissoa 
and other marine genera, prominent among which is Litio'pa 
homhyXy whose name expresses its power of anchoring itself to 
the Sargasso weed by a silken thread of mucus. Several 
species of slugs are known to be able to let themselves down by 
threads from the branches of trees. Limax ariorum is especially 
noted for this property, and has been observed suspended in 
pairs during the breeding time. According to Binney, all the 
xVmerican species of Limax, besides those of I'ebennophoTus, 
possess this singular property. Limax arhorum appears to be 
the only slug which has been noticed to ascend, as well as 
descend, its thread. It has also been observed ^ that when this 
species is gorged with food, its slime is thin and watery, and 
unable to sustain its weight, but that after the process 
of digestion has been performed, the mucus again becomes 
thick and tenacious. It appears therefore that when the 
animal is hungry and most in need of the power of making 
distant excursions in search ot food, its condition enables 
it to do so, but that when no such necessity is pressing, the 
thread -forming mucus is not secreted, or is perhaps held in 
suspense while the glands assist in lubricating the food before 

digestion.^ 

Food of Land and Fresh-water Mollusca. — Avion ater, the 

great black slug, although normally frugivorous, is unquestion- 
ably carnivorous as well, feeding on all sorts of animal matter, 
whether decaying, freshly killed, or even in a living state. It is 
frequently noticed feeding on earthworms ; kept in captivity, it 
will eat raw beef ; it does not disdain the carcases of its own 
dead brethren. An old man near Berwick-on-Tweed, going out 
one morning to mow grass, found a black slug devouring, as he 
supposed, a dead mouse. Being of an inquisitive turn, and 

1 W. Harte, Proc, Duhl. N, H, Soc. iv. p: 182. 

» See on the whole subject of threads G. S. Tye, Jaum. of Coiich, i. p. 401. 
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wishing to ascertain if it were really thus engaged, he drew t)ie 
mouse a little back. When he returned in the evenino^, the 
mouse was reduced almost to a skeleton, and the slug was still 
there.^ Indeed it would seem almost difficult to name anything 
which Arion ater will not eat. Dr. Gray mentions ^ a case 
of a specimen which devoured sand recently taken from the 
beach, which contained just enough animal matter to render it 
luminous when trodden on in the dark ; after a little time the 
faeces of the slug were composed of pure sand, united together 
by a little mucus. A specimen kept two days in captivity 
was turned out on a newspaper, and commenced at once to 
devour it. The same specimen ate dead bodies of five other 
species of slugs, a dead Unio, pupae of Adimonia tanaceti, 
part of the abdomen of a dragon-fiy, and Pears’ soap, the latter 
reluctantly.^ 

According to Simroth ^ and Scharff ^ the food of several of our 
British slugs, e.g, Limax maximus, L, flavus, Arion subficscus, 
A. intermedins, consists of non-chlorophyllaceous substances 
only, while anything containing chlorophyll is as a rule refused. 
On the other hand L. agrestis and Amalia carinata feed almost' 
entirely on green food, and are most destructive in gardens.J 
ihe latter species lives several inches under ground during the 
day, and comes to the surface only at night. It is largeljl 
responsible for the disappearance of bulbs, to which it is ej^ 
tremely partial. L, marginatus ( = arhorum Bouch.) feeds ex- 
clusively on lichens, and in captivity absolutely refuses green 
leaves and a fiesh diet. It follows therefore, if these observa- 
tions are correct, that the popular notions about slugs must be 
revised, and that while we continue to exterminate from our 
gardens those species which have a taste for chlorophyll, we 

ought to spare, if not encourage those whose tastes lie in the 
opposite direction. 

Limax agrestis has been seen devouring the crushed remains 
of Arion ater. Five specimens of the same species were once 
noticed busily devouring a May-fly each, and this in the middle 
of a large meadow, where it may be presumed there was no lack 


^ Zoologist, ii. p. 296 ; iii. p. 833; iv. p. 1216; iii. p. 1036 ; iv. p. 1216; iii 
p. 1037. 

’ Ann, Nat, Hist. ii. 1838, p. 310. ^ Naturalist, 1889, p. 103. 

^ ZeU. toiss, Zool. .xlii. p. 203 f. » Sci. Trans. R. Dull. Soc. (2) iv. p. 520 f. 
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of green food. The capture and eating of insects by Mollusca 
seems very remarkable, but this story does not stand alone. 
Mr. T. Vernon Wollaston once enclosed in a bottle at least three 
dozen specimens of Coleoptera together with 4 Helix cantiana, 
5 H. hispida, and 1 H. virgata, together with an abundant 
supply of fresh leaves and grass. About a fortnight afterwards, 
on the l)ottle being opened, it was found that every single 
specimen of the Coleoptera had been devoured by the snails.^ 
Amalia Tnarginata in captivity has l)een fed upon the larvae of 
Eachelia jacohaeaey eating three in two hours.^ 

Limax maximus (Fig. 19) has been seen frequently to make 
its way into a dairy and feed on raw beef.^ Individuals kept in 

confinement are guilty of 
cannibalism. Mr. W. A. 
Gain kept three specimens 
in a box together, and found 
one of them two - thirds 
eaten, “ the tail left clean 
cut off, reminding one of 
that portion of a fish on a 
fishmonger’s stall.” That 
starvation did not prompt 

Fio. 19 . — Limax maximus L. PO, pulmonary f'he Crime WaS proved by 

orifice : x j. the fact that during the 

preceding night the slug had been supplied with, and had eaten, 
a considerable quantity of its favourite food. On two other 
occasions the same observer found one of his slugs deprived of 
its slime and a portion of its skin, and in a dying condition.* 
An adult L, maximus^ kept for thirty-three days in captivity with 
a young Avion ater, attacked it frequently, denuded it of its slime, 
and gnawed numerous small pieces of skin off the body and 
mantle.® The present writer has found no better bait for this 
species on a warm summer night than the Ixnlies of its brethren 
which were slain on the night pi^eceding ; it will also devour 
dead Helix aspersa, Mr. Gain considers it a very dainty feeder, 
preferring fungi to all other foods, and apparently doing no harm 
in the garden. 

^ Zoologist^ iv. p. 1504 ; iii. ]>. 1038 ; iii. p. 943. 

' H. W. Ketr, /. c. * ZtKdtMjUd,^ xix. ]iu 7819. 

^ NaluralOL, 1889, p. 55. » H. W. Kcw, L r. 
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Limojx flavuSy which is fond of inhabiting the vicinity of 
cellars, makes its presence most disagreeable by attacking articles^ 
of food, and especially by insinuating itself into vessels containing 
meal and fldiir.^ It is particularly partial to cream. 

Slugs will sometimes bite their captor’s hands. Mr. Kew 
relates that a Limax agrestiSy on being stopped with the finger, 
while endeavouring to escape IVora the attack of a large ArioUy 
attempted to bite fiercely, the rasping action of its radula being 
plainly felt. According to the same authority, probably all the 
slugs will rasp the skin of the finger, if it is held out to them, 
and continue to do so for a considerable time, without however 
actually drawing blood.^ While Mr. Gain was handling a large 
Avion ateVy it at once seized one of the folds of skin between the 
fingers of the hand on which it was placed ; after the action of 
the radula had been allowed toico^tinue for about a minute, the 
skin was seen to be abraded.® Another specimen of Avion ateVy 
carried in the hand for a long time enclosed in a dock leaf, 
began to rasp the skin. The operation was permitted until it 
became too painful to bear. Examination with a lens showed 
the skin almost rasped away, and the place remained tender and 
sore, like a slight burn, for several days.^ 

Helix pisanay if freshly caught, and placed in a box with 

other species, will set to work and devour them within twenty- 

four hours. The present writer has noticed it, in this position, 

attack and kill large specimens of H, evicetovuniy cleaning them 

completely out, and inserting its elongated body into the top 

whorls of its unfortunate victims in a most remarkable manner. 

Amongst a large number of species bred in captivity by Miss 

F. M. Hele,® was Hyalinia DvaparncddL In the first summer 

the young offspring were fed on cabbage, coltsfoot, and broad- 

leafed docks. They would not hibernate even in the severest 

frosts, and, no outdoor food being available, were fed on chopped 

beef. This, Miss Hele thinks, must have degenerated their 

appetites, for in the following spring and summer they constantly 
devoured each other. 

Zonites algivus feeds on decayed fruit and vegetables, and 
on stinking flesh.® Achatina pantheva has been known to eat 

! y*. 0. Z, Harv, iv. p. 144. 2 NaturcUisty 1. c 

Sacruc Gossipy 1885, p. 164. ^ R. Standen, Jouim, 0 / Conch, vii. p 197 

Joum. Of Cojuh. V. p. 43. 6 Paladilhe in MS. letter. 
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meat, other snails (when dead), vegetables, and paper.^ The 
common Stenogyra decollata of the South of Europe has a Very 
bad character for tlesh-eating habits, when kept in captivity. 
Mr. Binney -^ kept a number for a long time as scavengers, to 
clean the shells of other snails. As soon as a livine: Helix was 

O 

placed in a box with them, one would attack it, introduce itself 
into tlie upper whorls, and completely remove the animal. One 
day a number of Succinea ovalis were left with them for a short 
time, and disappeared entirely ! The Stenogyra had eaten shell 
as well as animal. This view of Stenogyra is quite confirmed 
by Miss Hele, who has bred them in thousands. “ I can keep,'* 
she writes,^ no small Helix or Bulimus with them, for they at 
once kill them and eat them. They will also eat raw meat.” 

Even the common Limnaea stagnalis, which is usually re- 
garded as strictly herbivorous, will sometimes betake itself, 
apparently by preference, to a diet of flesh. Karl Semper 
frequently observed the Limnaeae in his aquarium suddenly 
attack healthy living specimens of the common large water newt 
{Triton taeniatus)^ overcome them, and devour them, altliough 
there was plenty of their favourite vegetable food growing 
within easy reacli.'* The same species has also been noticed to 
devour its own ova, and the larvae of Dytiscus, Limnaea peregra 
has been detected capturing and partially devouring minnows in 
an aquarium, when deprived of other food, and Dr. Jeflreys has 
seen the same species attack its own relatives under similar 
circumstances, piercing the spire at its thinnest point near to the 
apex.^ L, stagnalis, kept in an aquarium, has succeeded in 
overpowering and partially devouring healthy specimens of the 
common stickleback.® 

Powers of Intelligence, Homing, and finding Food. It is 

not easy to discover whether land Mollusca possess any faculties 
which correspond to what we call intelligence, as distinct from 
their capacities for smell, sight, taste, and hearing. Darwin 
mentions " a remarkable case, communicated to him by Mr. 
Lonsdale. A couple of Helix pomatia^ one of which was sickly, 

* J. S. Gibbons, Quart. Joum. Co^ich. ii. p. 143. 

* Bull. Mus. C. Z. Uarv. iv. p. 193. 

* I, c. p. 362. Anitnal Life, p. 59. 

* Zoologist^ 1861, p. 7400 ; Bril. Conch, i. p. 108. 

* H. Ullyett, Science Gossip, xxii. (1886) p. 214. 

^ Descent of Man, i. p. 325, ed. 1. 
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were placed in a small and ill-provided garden. The stronger of 
the two soon disappeared over the wall into the next garden, 
which was well furnished with food. It was concluded that the 
snail had deserted its weakly mate, but after twenty-four hours 
it returned, and apparently communicated the results of its 
expedition, for after a short time both started off along the same 
track, and disappeared over the wall. According to Dr. W. H. 
Dall,^ a young girl who possessed a remarkable power over 
animals succeeded in training a snail {H. alholahris) to come out 
of its lurking-place at her call If placed in a room, it would 
shrink into its shell at the sound of any other voice, but it would 
always start off in the direction of hers. 

Snails and slugs possess to a considerable extent the faculty 
of ‘ homing,’ or returning to the same hiding-place day after day, 
after their night excursions in search of food. Mr. C. Ashford 
once marked with a dab of white paint seven Helix aspersa foimd 
lurking under a broken flagstone ; at 1 0 p.m. the same evening 
three had disappeared on the forage ; the next morning all were 
‘at home.’ The following night at 10 p.m. five were gone out, 
two being discovered with some difficulty ‘ in a small jungle ’ 
six feet away ; the next morning six out of the seven were safely 
beneath the flagstone. According to the same authority, Helix 
dspersa wiU find its way across a cinder-path (which it specially 
detests) to get to its favourite food, and will return by the same 
way to its old quarters, although it could easily have found new 
lodgings nearer the food-supply. A snail has been observed to 
occupy a hole in the brick wall of a kitchen-garden about four 
feet from the ground. Leaning against the wall, and immediately 
under the hole, was a piece of wood, the lower end of which rested 
in a bed of herbs. For months the snail employed this ladder 
between its food and its home, coming down as soon as it was 
dark, and retiring to rest during the day. 

In greenhouses a slug will forage night after night as 

gardeners know to their cost — over the same beat, and will 
always return to the same hiding-place. Limax flavus has been 
noticed crawling with great regularity to a sink from a hole near 
the water-pipe, and keeping to a weU-marked circular track. In 
all probability the scent, either of the desired object of food, or of 
the creature’s own trail, plays a considerable part in keeping it 

^ Amtr. NaL xv. 1881, p. 976. 
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to the same outward and homeward track, or at least in guiding 
it back to its hiding-place. Yet even scent is occasionally at 
fault, for on one occasion a Limaxc flavus was accustomed to make 
nightly excursions to some basins of cream, which were kept in 
a cool cellar. When the basins were removed to a distant shelf, 
the creature was found the next morning ‘ wandering dis- 
consolately * about in the place where the basins had formerly 
stood.^ 

A remarkable case of the power of smell, combined with great 
perseverance on the part of a Helix ^ is recorded by Furtado.^ 
He noticed a Helix aspersa lodged between a column on a 
verandah and a flower-pot containing a yoimg banana plant, and 
threw it away into a little court below, and six or seven yards 
distant. Next morning the snail was in precisely the same place 
on the flower-pot. Again he threw it away, to the same distance, 
and determined to notice what happened. Next morning at nine 
o’clock, the snail was resting on the rail of a staircase leading up 
to the verandah from the court ; in the evening it started again, 
quickening its pace as it advanced, eventually attacking the 
banana in precisely the same place where it had been gnawed 
before. 

For further instances of the power of smell in snails, see 
chap. vii. 

Slugs have been known to make their way into bee -hives, 
presumably for the sake of the honey.^ ' Sugaring ’ the trees at 
night for moths will often attract a surprising concourse of slugs. 
Sometimes a particular plant in a greenhouse will become the 
object of the slugs’ persistent attacks, and they will neglect every 
other food in order to obtain it. Farfugium grande is one of 
these favourite foods, '' the young leaves and shoots being always 
eaten in preference to all other plants growing in the houses ; 
where no Farfugiums were kept the slugs nibbled indis- 
criminately at many kinds.” * The flowers of orchidaceous plants 
exercise a special attraction over slugs, which appear to have 
some means of discovering when the plants are in bloom. " I 
have often observed,’* says Mr. T. Baines, " that a slug will travel 

* W. A. Gain, quoted by H. W. Kew in NcUuralist^ 1890, p. 307, an article to 

which I am much indebted. * Ann, Mag, Nat, Hist, (6) xvi, p. 619. 

* Science Oossipt 1882, pp. 237, 262. 

^ H. W. Kew, Naturalist, 1893, p. 149, another jnost v'alnable article. 
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over the surface of a pot in which is growing a Dendrohium 
nohile, a Cattlcya, Vanda, or similar upright plant for a score 
of times without ever attempting to ascend into the head of the 
plant unless it is in bloom, in which case they are certain to find 
their way straight to the flowers ; after which they will descend, 
and return to some favourite hiding-place, often at the opposite 
end of the house/' ^ Mr. K. Warner has “ actually seen many 
little slugs suspending themselves by slime -threads from the 
rafters and descending on the spikes of the beautiful Odonto- 
glossum alexandrae ; and thus many spikes, thickly wadded round 
with cotton wool (which the slugs could not travel over), and 
growing in pots surrounded by water, had been lost.'’ Perhaps 
the most singular instance of a liking for a particular food is 
that related by Mr. E. Step.^ In a London publishing house, 
slugs were observed, during a period of nearly twelve months, to 
have fed almost nightly on the colouring matter in certain book- 
covers, and though the trails were often seen over the shelves, 
and cabbage and lettuce leaves laid down to tempt the creatures, 
they continued their depredations with impunity for the time 
above mentioned. 

Limnaea peregra has been observed feeding on old fish-heads 
thrown into a dirty stream, and a large gathering of Limnaea 
stagnalis has been noticed feeding upon an old newspaper in a 
pond on Chislehurst Common, ‘ so that for the space of about a 
square foot nothing else could be seen.’ * 

Tenacity of Life. — Land Mollusca have been known to exhibit, 
under unusual conditions, remarkable tenacity of life. Some of 
the most noteworthy and best authenticated instances of this 
faculty may be here mentioned. 

The well-known story of the British Museum snail is thus 
related by Mr. Baird.^ On the 25th March 1846 two specimens 
of Helix desertorum, collected by Charles Lamb, Esq., in Egypt 
some time previously, were fixed upon tablets and placed in the 
collection among the other Mollusca of the Museum. There they 
remained fast gummed to the tablet. About the 15th March 
1850, having occasion to examine some shells in the same case, 

' Garden, v. p. 201, quote«l by Kew, ut snp. 

- Kew, ut sup, s Science Gossip, 1883, p. 163. 

* T. D. A. Cockerell, Science Gossip, 1885, p. 211. 

» Ann, Mag, Nat, Hist, (2) vi. (1860) p. 68. 
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Mr. Baird noticed a recently formed epiphragm over the mouth 
of one of these snails. On removing the snails from the tablet 
and placing them in tepid water, one of them came out of its 
shell, and the next day ate some cabbage leaf. A month or two 

afterwards it began repairing the lip of its shell, which was broken 
when it was first affixed to the tablet. 

While resident in Porto Santo, from 27th April to 4th May 

1848, Mr. S. P. Woodward^ collected a number of Helices and 
sorted them out into separate pill-boxes. On returning home, 
these boxes were placed in empty drawers in an insect cabinet, 
and on 19th October 1850, nearly two and a half years after- 
wards, many of them were found to be still alive. A whole bagful 
of H, turricida, collected on the Ilheo de Cima on 24th April 

1849, were all alive at the above-mentioned date. 

In September 1858 Mr. Bryce Wright sent^ to the British 
Museum two specimens of H, desertorum which had been dormant 
for four years. They were originally collected in Egypt by a Mr. 
Vernedi, who, in May 1854, while stopping at one of the stations 
in the desert, found a heap of thorn-bushes lying in a corner of 
the building, rather thickly studded with the snails. He picked 
off fifteen or twenty specimens, which he carried home and locked 
up in a drawer, where they remained imdisturbed until he gave 
two to Mr. Wright in September 1858. 

In June 1855 Dr. Woodward placed specimens of H, candidis- 
sima and II. aperta in a glass box, to test their tenacity of life ; 
he writes of their being still alive in April 1859. 

Mr. R. E. C. Stearns records ^ a case of Buliminus pallidior and 

H. Veatchii from Cerros I. living without food from 1859 to March 
1865. 

H. Aucapitaine mentions ^ a case of H. lactea found in calcin- 
ated ground in a part of the Sahara heated to 122° F., where 
no rain was said to have fallen for five years. The specimen 
revived after being enclosed in a bottle for three and a half years. 

In August 1863, Mr. W. J. Sterland^ put specimens of H. 
nemoralis in a box and afterwards placed the box in his cabinet ; 
in November 1866 one specimen was discovered to be alive. 

Gaskoin relates ® a case in which specimens of H. lactea were 

' Ann. Mag. Nal. Hist. (2) vi. p. 489. 2 (3) jij, p, 443. 

* Anur, Nat. xi. (1877) p. 100 ; Proe. Calif. Ac, iii. p. 329. 

^ Oaz. Med. Alger. 18f55, 5th Jan. p. 9. ® Sdtnce Gossi}^, 1807. p. 40. 

® Ann. Mag. Nat. Hist. (2) ix. p. 498. 
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purchased from a dealer in whose drawer they had been for two 
yeara This dealer had them from a merchant at Mogador, who 
had kept them for more than that time under similar conditions. 
One of these shells on being immersed in water revived, and in 
April 1849 was placed quite alone under a bell jar with earth 
and food. In the end of the following October about thirty young 
H, lactea were found crawling on the glass. 

Mr. E. D. Darbishire bought * some H. apcrta in the market 
at Nice on 18th February 1885. Two specimens of these, placed 
with wool in a paper box, were alive in December 1888. This 
is a very remarkable case, H, aperta not being, like H. desertorum, 
H, lactea^ H. Veatchii and Bui. pcdlidioTy a desert snail, and there- 
fore not accustomed to fasting at all. 

Age of Snails. — It would appear, from the existing evidence, 
which is not too plentiful, that five years is about the average 
age of the common garden snail. Mr. Gain has published - some 
interesting observations on the life of a specimen from the cradle 
to the grave, which may be exhibited in a tabular form. 

Aug. 1882. Eggs hatched ; one attained diameter of ^ in. 

before winter; fed on coltsfoot and cabbage. 

5th Oct. 1883. Shell 1 in. in diameter, no lip formed 

July 1884. Shell finished; diameter 1-^ in., including 

perfect lip. 

3rd May 1885. Left winter quarters; companion introduced, 

with which it was seen in company on 
5 th August. 

9 th Aug. „ Laid eggs in soil, which were hatched on 

10th September, and feeding on 17th 
September; in May 1886 the largest of 
these was ^ in. diameter. 

13th Oct. 1887. Old snail died, aged 5 years 2 months. 

According to Clessin, the duration of life in Vitrina is one 

year, Cyclas 2 years ; Hyalinia, Succinca, Limnaea, Planorlis, and 

Amylus are full gi'own in 2 to 3 years. Helix and Paluduia in 2 

to 4, and Anodonta in 12 to 14. Hazay finds ^ that the duration 

of life in Hyalinia is 2 yeai'S, in Helix pomatia 6 to 8, in Helix 

candicans 2 to 3, in Pahidina 8 to 10, \\\ Livinaea and Planorbis 
3 to 4. 

1 Jmirn. of Coiuk. vi. ]). 101; = Naturalist, 1889, p. 55. 

* Malak. Lldtt. (2) iv. pp. 43 and 221. 
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Growth of the Shell. — Mr. E. J. Lowe, many years ago, con- 
ducted 1 some interesting experiments on the growth of snails. 
The facts arrived at were — 

(1) The shells of Helicidae increase but little for a consider- 

able period, never arriving at maturity before the animal has owe 
become dormant. 

(2) Shells do not grow whilst the animal itself remains 
dormant. 

(3) The growth of shells is very rapid when it does take 
place. 

(4) Most species bury themselves in the ground to increase 
the dimensions of their shells. 

Six recently hatched H. pomatia were placed in a box and 
regularly fed on lettuce and cabbage leaves from August until 
December, when they buried themselves in the soil for winter ; 
at this period they had gradually increased in dimensions to the 
size of H. hispida. On the Ist April following, the box was 
placed in the garden, and on the 3rd the Helices reappeared on 
the surface, being no larger in size than they were in December. 
Although regularly fed up to 20th June, they were not per- 
ceptibly larger, but on that day five of them disappeared, having 
buried themselves, with the mouth of the shell downwards, in the 
soiL After ten days they reappeared, having in that short time 
grown so rapidly as to be equal in size to H, pisana. On the 
15 th July they again buried themselves, and reappeared on 1st 
August, having again increased in size. For three months from 
this date they did not become perceptibly larger ; on 2nd 

November food was withheld for the winter and they became 
dormant. 

A similar experiment, with similar results, was carried on 

with a number of E. aspersa, hatched on 20th June. During 

tne summer they grew but little, buried themselves on 10th 

October with the head upwards, and rose to the surface again on 

5 th April, not having grown during the winter. In May they 

buried themselves with the head downwards, and appeared again 

in a week double the size ; this went on at about fortnightly 

intervals until 18 th July, when they were almost fully 
grown. 

Selix nemoralis, S. virgata, H. caperata, and S. hispida bury 

* rhxL Trane. 1854 (1856), p. 8. ^ 
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themselves to grow ; H, rotundata burrows into decayed wood , 
Hycdinia radiatula appears to remain on decaying blades of 
grass ; Pupa umhilicata, Clausilia rugosay and Buli'ijiinus ohscurus 
bury their heads only. 

The observations of Mr. W. E. Collinge ^ do not at all agree 
with those of Mr. Lowe, with regard to the mode in which land 
Mollusca enlarge their shells. He bred and reared most of the 
commoner forms of Helix and also Clausilia rugosa^ but never 
saw them bury any part of their shell when enlarging it. While 
admitting that they may increase their shells when in holes or 
burrows of earthworms, he thinks that the process of burying 
would seriously interfere with the action of the mantle diu-ing 
deposition, and in many cases damage the membranaceous film 
before the calcareous portion was deposited. Mr. Collinge 
has found the following species under the surface in winter : 
Arion ater (3-4 in.), Agriolimax agrestis (6-8 in.), Hyalinia 
cellaria and H alliaria (6—8 in.), Hyalinia glahra (5 in.). Helix 
aspersa (5-6 in.), H rufescens (4-6 in.), H rotundata (4-5 in.), 
H hispida (7 in.), Buliminus ohscurus (4-6 in.), B. montanus^ 
(24 in.), and the following in summer, Hyalinia cellaria and 
alliaria (6-8 in.). Helix rotundata (4-5 in.), Balea perversa 
(6-8 in.). Cyclostoma elegans (3-4 in.). The same author has 
found the following species of fresh-water mollusca living in 
hard dry mud: Sphaerium corneum (3-14 in.), S, rivicola (5-6 
in.), S. lacustre (10-14 in.), aU the British species of Pisidium 
(4-12 in.), Limnaea truncatula (18 in., a single specimen). All 
our species of Unio, Anodonta, Bithyniay and Paludina bury 

s lial^xtually nx fin.e or thick wet mud, to a depth of 
from 4 to 14 inches. 

This burying propensity on the part of Mollusca has been 
known to play its part in detecting fraud. 'When my friend 
Mr. E. L. Layard was administering justice in Ceylon, a native 
landowner on a small scale complained to him of the conduct of 
his neighbour, who had, during his absence from home, diverted 
a small watercourse, which ran between their holdings, in such 
a way as to filch a certain portion of the land. The offender 
had filled up and obliterated the ancient course of the stream, 
and protested that it had never run but in its present bed. 

» Naturalist, 1891, p. 75 f. ; Conchologist, ii. 1892, p. 29. 

” Taylor, Joum. of Conch, 1888, p. 299. 
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Mr. I^iyard promptly had a trench sunk across what was said to 
be the old course, and the discovery of numerous living Ampul- 
laria, buried in the mud, confirmed the story of one of the 
litigants and confounded the other.^ 

Depositing and Hatching of Eggs : Self-fertilisation. — 

Ihere appears to l)e no doubt that Helices, when once im- 
pregnated, can lay successive batches of eggs, and possibly can 
continue laying for several years, without a further act of union. 
A specimen of Helix aspersa was noticed in company with 
another on 5th August ; on 9th August it laid eggs in the soil, 
and early in the following summer it laid a second batch of eggs, 
although its companion had been removed directly after its first 
introduction. An Avion received from a distance laid 30 eggs 
on 5th September, and 70 more on the 23rd of the same month, 
although quite isolated during the whole time.^ By far the 
most remarkable case of the kind is related by Gaskoin.^ A 
specimen of Helix lactea was kept in a drawer for about 
two years, and then in another drawer for about two years 
more. It was then taken out, and placed in water, when it 
revived, and was placed alone under a bell jar with eartli 
and food. Six months after, about 30 young H. lactea were 
found crawling on the glass, the act of oviposition not having 
been observed. 

The observations of Mr. F. W. Wotton,'^ with regard to the 
fertilisation and egg - laying of Avion atev, are of extreme 
interest and value. A pair of this species, kept in captivity, 
united on 10th September 1889, the act lasting about 25 
minutes. From that date until the eggs were laid, the animals 
looked sickly, dull of colour, with a somewhat dry skin. Eggs 
were deposited in batches, one, whicli we will call Ay beginning 
three days before B, On 10th October A laid 80 eggs; on the 
16th, 110; on the 25th, 77; on 8th November, 82; and on 
17th November, 47 ; making a total of 396. Specimen B, which 
began on 13th October, three days after Ay made up for the delay 
by laying 246 eggs in 40 hours; on 26th October it laid 9, on 
lOth November, 121; and on 30th November, 101; a total of 477. 

* See Tennent/s Ceylwiy i. p. 221, ed. 5. 

* W. A. Gain, NcUuralisiy 1889, p. 65 ; Brocknicier, 'Nachr. Deutsch, Malak, 
Ge&tU. XX. p. 113. 

’ Ann. Mag, Nat. Hist. (2) ix. p. 498. * Janni. Condi, vii. 1893, p. 158 f. 
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These eggs weighed 624 to the ounce, and, in excluding the 
batch of 246, B parted with ^ of its own weight in 40 liours, 
while the whole number laid were rather over f of its own 


weight ! 

While depositing the eggs, the slug remained throughout in 
the same position on the surface of the ground, with the head 
drawn up underneath the mantle, which was lifted just above 
the reproductive orifice. When taken into the hand, it went on 
laying eggs without interruption or agitation ot any kind. After 
it had finished laying it ate half a raw potato and then took a 
bath, remaining submerged for more than an hour. Bathing is 
a favourite pastime at all periods. Specimens, says Mr. Wotton, 
have survived a compulsory bath, with total submersion, of 

nearly three days* duration. 

Mr. Wotton*s account of the hatching of the eggs is equally 
interesting. It is noticeable that the eggs of one batch do not 
hatch by any means simultaneously; several days frequently 
intervene. The average period is about 60 days, a damp and 
warm situation bringing out the young in 40 days, while cold 
and dryness extended the time to V4 days, extremes of any 
kind proving fatal Of the batch of eggs laid by B on 
30th November, the first 2 were hatched on the iollowing 
16th January, and 2 more on the 17th; others, from 10 to 20, 
followed suit on the succeeding 5 days, until 82 in all were 

hatched, the remaining 19 being unproductive.^ 

By placing the egg on a looking-glass the act of exclusion 

can be perfectly observed. For several days the inmate can be 
seen in motion, until at last a small crack appears in the surface 
of the shell : this gradually enlarges, until the baby slug is able 
to crawl out, although it not unfreqiiently backs into the shell 
again, as if unwilling to risk itself in the world. When it once 
begins to crawl freely, it buries itself in the ground for 4 or 5 
days without food, after which time it emerges, nearly double 
its original size. At exclusion, the average length is 9 mm., 
increasing to 56 mm. after the end of 5 months. Full growth 
is attained about the middle of the second year, and nearly all 
die at the end of this year or the beginning of the next. Death 
from exhaustion frequently occurs after parturition. Death 

^ I succeeded iu hatching out eggs of Helix asjjcrsn, during the very warm 
summer of 1893, in 17 days. 
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Iroin suffocation is sometimes the result of the formation of 
small blisters on the margin of the respiratory aperture. The 
attacks of an internal parasite cause death in a singular way. 
The upper tentacles swell at the base in such a way as to 
prevent their extrusion ; digestive troubles follow, with rigidity 
and loss of moisture, and death ensues in 2 or 3 days. 

Mr. Wotton isolated newly-hatched specimens, with the view 
of experimenting on their power of self-fertilisation, if the 
opportunity of fertilising and being fertilised by others was 
denied them. One of these, after remaining in absolute solitude 
for 10^ months, began to lay, scantily at first (11th January, 2 ; 
25th January, 2 ; 11th February, 2), but more abundantly after- 
wards (3rd April, 60; 15th and 16th, 70; 29th, 53, etc.), the 
being hatched out in 42—48 days. The precautions taken 
seem to have been absolutely satisfactory, and the fact of the 
power of self-fertilisation appears established as far as Arion ater 
is concerned. 

Braun took young individuals of Limnaea auricularia on the 
day they were hatched out, and placed them singly in separate 
vessels with differing amounts of water. This was on 15th June, 
1887. In August 1888 specimen A had only produced a little 
spawn, out of which three young were hatched ; specimen B 
had produced four pieces of spawn of different sizes, all of which 
were hatched ; specimen (7, which happened to be living with 
three Planorhis, produced five pieces of spawn distinctly Lim- 
naeidan, but nothing is recorded of their hatching. Self- 
impregnation, therefore, with a fruitful result, appears estab- 
lished for this species of Limnaea} 

Reproduction of Lost Parts. — When deprived of their 
tentacles, eyes, or portions of the foot, Mollusca do not seem to 
sufter severely, and generally reproduce the lost parts in a short 
time. If, however, one of the ganglia is injured, they perish. 
Certain of the Mollusca possess the curious property of being 
able to amputate certain parts at will. When Prophysaon, a 
species of Californian slug, is annoyed by being handled, an 
indented line appears at a point about two-thirds of the length 
from the head, the line deepens, and eventually the tail is 
shaken completely off. Sometimes the Prophysaon only threatens 
this spontaneous dismemberment ; this line appears (always 

^ Nachr. DetUsch, Malak. OeselL xx. p. 146. 
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exactly in the same place), but it thinks better of it, and the 
indentation proceeds no further.' According to Gundlach,'* 
Helix imperator and H. crenilahris, two large species from Cuba, 
possess the same property, which is said to be also character- 
istic of the subgenus Stenopus (W. Indies). Amongst marine 
species, Harpa ventricosa and Solen siliqua have been observed 
to act in a similar way, Harpa apparently cutting oft the end of 
the foot by pressure of the shell. Karl Semper, in commenting 
on the same property in species of Helicarion from the Philp- 
pines (which whisk their tail up and down with almost convul- 
sive rapidity, until it drops off), considers^ it greatly to the 
advantage of the mollusc, since any predacious bird which 
attempted to seize it, but only secured a fragment of tail, would 
probably be discouraged from a second attack, especially as the 
Helicarion would meanwhile have had time to conceal itself 

among the foliage. 

strength and Muscular Force. — The muscular strength of 
snails is surprisingly great. Sandford relates ^ an experiment on 
a Helix aspersa, weighing ^ oz. He found it could drag verti- 
cally a weight of 2^ oz., or nine times its own weight. Another 
snail, weighing oz., was able to drag in a horizontal direction 
along a smooth table twelve reels of cotton, a pair of scissors, a 
screwdriver, a key, and a knife, weighing in all no less than 1 7 oz., 
or more than fifty times its own weight. This latter experiment 
was much the same as asking a man of 1'2 stone to pull a load 

of over tons. 

If a snail be placed on a piece of glass and made to crawl, it 
will be seen that a series of waves appear to pursue one another 
along the vmder surface of the foot, travelling from back to 
front in the direction in which the animal is moving. Simroth 
has shown that the sole of the foot is covered with a dense net- 
work of muscular fibres, those which run longitudinally being 
-chiefly instrumental in producing the undulatory motion. By 
means of these muscles the sole is first elongated in front, and 
then shortened behind to an equal extent. Thus a snail slides, 
not on the ground, but on its own mucus, which it deposits 
mechanically, and which serves the purpose of lubricating the 

^ Raymond, NauiihiSy iv. p. 6, 

® Quoted by Oehlert, lUv. Sc. xxxviii. p. 701. 

* Animal Life^ InUm. ScUntif, Ser, cd. 1, p. 395. * Zoologist^ 1886, p. 491, 
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ground on which it travels. It has been calculated that an 

average sized snail of moderate pace progresses at the rate of 
about a mile in 16 days 14 hours.’ 

Sudden Appearance of MoUusca.— It is very remarkable 
to notice how suddenly Pulrnonata seem to appear in certain 
districts where they have not been noticed before. This sudden 
appearance is more common in the case of fresh-water than of land 
MoUusca, and there can be little doubt that, wherever a new pond 
happens to be formed, unless there is something in its situation 
or nature which is absolutely hostile to molluscan life, MoUusca 
are certain to be found in it sooner or later. “ Some 23 years 

ap writes Mr. W. Nelson,* “ I was in the habit of collecting 
shells in a small pond near to the Black HiUs, Leeds. At that 
time the only molluscan forms found there were a dwarf form of 
Sphaerium lacustre, Pisidium pusillum, PlarwrUs nautileus, and 
LimTiaea peregra. About 1 0 years ago I resumed my visits to 
the locaUty, and found, in addition to the species already 
enumerated, Planorbis corneus. These were the only species found ' 
there until this spring [1883], when, during one of my frequent 
visits, I was surprised to find Physa fontinalis and Planorbis 
vortex were added to the growing list of species. Later on PL 
carinatus, Limnaea stagnalis, and Ancglus lacustris turned up ; 
and during June, PL contortus was found in this smaU but prolific 
pond.” Limnaea glutinosa is prominent for these remarkable 
appearances and disappearances. In 1822 this species suddenly 
appeared in some small gravel pits at Bottisham, Cambs., in 
such numbers that they might have been scooped out by hand- 
fuls. After that year they did not appear numerous, and after 
t ree or four seasons they gradually disappeared.® Physa 
{Aplecta') hypnorum is noted in a similar way. In February 1852, 
for instance, after a wet month, the water stood in small puddles 
about 3 feet by 2 in a particular part of Bottisham Park 
which was sometimes a little swampy, though usually quite dry. 
One of these puddles was found to contain immense numbers of 
the Aplecta, which up to that time had not been noted as occur- 
ring in Cambridgeshire at all.* In a few days the species entirely 
disappeared and was never again noticed in the locality.® 

* quoted by Jeffreys, BrU. Coneh. i. p. 30. » Joum. of Coneh. iv. p. 117. 

Rev. L. Jenyns, ObsenxUiona in Nat. Eiat., p. 318. * Jd, a, p. 313 . 

• Further detailed examples will be found in Kair, The Disperaal (f Shells, pp. 5-26. 
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Writing to tho Zoological Society of lx)ndon from New 
Caledonia, Mr. E. L Layard remarks : ^ “ The West Indian 
species Stenogyra octona . has suddenly turned up here in 
thousands ; how introduced, none can tell. They are on a 
coffee estate at Kanala on the east coast. I have made in- 
quiries, and cannot find that the planter ever had seed coffee 
from the West Indies. All he planted came from Dombay, and 
it would be interesting to find out whether tlie species has 
appeared there also.” 

Sometimes a very small event is suflicient to disturb the 
natural equilibrium of a locality, and to become the cause either 
of the introduction or of the destruction of a species. In 1883 
a colony of Helix sericea occupied a portion of a hedge bottom 
twenty yards long near Newark. It scarcely occurred outside 
this limit, but within it was very plentiful, living in company 
with H. nemoralis, H. hortensis, H. hisjnda, H. rotundata, Hyalinia 
cellaria and Hy, nitidula, and Cochlicoj^d luhrica. In 1888 the 
hedge was well trimmed, but the bottom was not touched, and 
the next year a long and careful search was required to find 
even six specimens of the sericea? 

Showers of Shells. — Helix virgatay H. ca'peratay and Cochli- 
cella acuta sometimes occur on downs near om' sea-coasts in such 
extraordinary profusion, that their sudden appearance out of 
their hiding-places at the roots of tlie herbage after a shower of 
rain has led to the belief, amongst credulous people, that they 
have actually descended with the rain. There seems, however, no 
reason to doubt that Mollusca may be caught up by whirlwinds 
into the air and subsequently deposited at some considerable 
distance from their original habitat, in the same way as frogs 
and fishes. A very recent instance of such a phenomenon 
occurred^ at raderborn, in Westphalia, where, on 9lh August 
1892, a yellowish cloud suddenly attracted attention from its 
colour and the rapidity of its motion. In a few moments it 
burst, witli tliunder and a torrential rain, and immediately after- 
wards the pavements were found to be covered with numbers of 
Anodonta anatinay all of which had the shell broken by the 
violence of the fall. It w{is clearly established tluit the shells 

' P, Z. S. 18S8, p. 358. - W. A. Gain, Naturalisty 1889, p. 58. 

* Das WelteVy Dec. 1892. Another case is recorded in Avicr. Nat. iii. i>. 
r>56. * * 
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could not have been washed into the streets from any adjacent 

river or pond, and their true origin was probably indicated 

wheii it was found that the funnel-shaped cloud which burst 

over the town had passed across the one piece of water near 

Paderborn, which was known to contain the Anodonta in 
abundance. 

Cases of Singular Habitat. — Mollusca sometimes accustom 
themselves to living in very strange localities, besides the 
♦ extremes of heat and cold mentioned above (pp. 23-24). In the 
year 1852, when some large waterpipes in the City Eoad, near 
St. Lukes Hospital, were being taken up for repairs, they were 
found to be inhabited in considerable numbers by Neritina 
fiuviatilis and a species of Limnaca} Dreissensia po^yinorpha 
has been found in a similar situation in Oxford Street, and also 
in Hamburg, and has even been known to block the pipes and 
cisterns of private houses. In an engine cistern at Burnley, 
60 feet above the canal from which the water was pumped 
into the cistern, were found the following species : Sphaerium 
corneum^ S, lacustre ; Valvata piscincdiSj Bithynia tentcucvlata ; 
I/imnaea peregra^ very like Succinea in form and texture ; 
Planorhis cdbuSy P, corneus, P. nitidus, P, glaieTy and thousands 
of P . dilatatus, much larger than the forms in the canal below, 
a fact probably due to the equable temperature of the water in 
the cistern all the year round.^ In certain parts of southern 
Algeria the fresh-water genera Melania and Melanopsis inhabit 
abundantly waters so surcharged with salt that the marine 
Cardium edule has actually become extinct from excess of brine. 
The common Mytilus edulis is sometimes foimd within the 
branchial chamber and attached to the abdomen of crabs 
^{Carcinus maenas), which are obliged to carry about a burden 
of which they are powerless to rid themselves (see p. 78). A 
variety of the common Limnaea peregra lives in the hot water 
of some of the geysers of Iceland, and has accordingly been 
named geisericola, 

Undergrotuid Snails. — Not only do many of the land Mollusca 
aestivate, or hibernate, as the case may be, Iteneath the surface of 
the soil, but a certain number of species live permanently under- 
ground, like the mole, and scarcely ever appear in the light of 
day. Our own little Caecilianella acicula lives habitually from 

» Zoolo^ X. p. 8480. 3 Science Oossip, 1888, p. 281. 
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Mexico. Dendronotus arboresce?is, when confined in a glass jar 
of sea water, has been noticed ^ to emit a sound like the clink of 
a steel wire. According to Lieut.-Col. Portlock,- F.K.S., Helix 
aperta, a very common species in South Europe, has the property 
of emitting sounds when irritated. When at Corfu, he noticed 
that if the animal is irritated by a touch with a piece of straw 
or other light material, it emits a noise, as if grumbling at 
being disturbed. He kept a specimen in his house for a con- 
siderable time, which would make this noise whenever it was 
touched. 

The Rev. H. G. Barnacle describes the musical properties of \ 
Achaiinella in the following terms : ^ “ When up the mountains 
of Oahu I heard the grandest but wildest music, as from 
hundreds of Aeolian harps, wafted to me on the breezes, and 
my companion (a native) told me it came from, as he called 
them, the singing shells. It was sublime. I could not believe 
it, but a tree close at hand proved it. On it were many of the 
Achatinella, the animals drawing after them their shells, which 
grated against the wood and so caused a sound ; the multitude 

of sounds produced the fanciful music. On this one tree I took 
VO shells of all varieties.*' 

Habits of the Agnatha. — Not much is known of the habits 
and mode of life of the Agnatha, or carnivorous Land MoUusca. 

In this country we have only two, or at most three, of this 
group, belonging to the genus Testacella, and, in all probability, 
not indigenous to our shores. There seems little doubt, when 
all the circumstances of their discovery are taken into account, 
that both 'Testacella haliotidea and T, Maugei have been 
imported, perhaps from Spain or Portugal in the first instance, 
along with roots imbedded in foreign earth, for their earliest 
appearances can almost invariably be traced back to the neigh- 
borhood of large nursery grounds, or else to gardens supplied 
directly from such establishments. 

The underground life of Testacella. makes observation of its. 
habits difficult. It is believed to feed exclusively on earth-\ 
worms, which it pursues in their burrows. Continued wet | 
weather drives it to the surface, for though loving damp soil it) 

Dr. R. E. Grant, Ediiib, Phil. Joum. xiv. p. 188. 

Jiep. BrU.Ass, for 1848, p. 80. The statement is confirmed by Rossmassler. 

* Jourru of Conch, iv. p. 118. 
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averse to too much moisture, and under such cir- 
cumstances it has even been noticed ^ in considerable numbers 
crawling over a low wall. In the spring and autumn months, 
according to Lacaze-Duthiers,^ it comes to the surface at night, 
hiding itself under stones and d(^bris during the day. Earth- 
worms are, at these periods, nearer the surface, and the Testacella 
has been seen creeping down into their burrows. The author 
has taken T', dicing ci abundantly under clumps of the common 
white pink in very wet weather, lying in a sort of open nest in 
the moist earth. On the other hand, when the earth is baked \ 
dry by continued drouglit, they either bury themselves deeper, / 
sometimes at a depth ot 3 feet, in the ground, or else become/ 
encysted in a capsule of hardened mucus to prevent evaporation 
from the skin. When first taken from the earth and placed in 
a box, the Testacella invariably resents its capture by spitting up 
the contents of its stomach in the shape of long fragments of 
half-digested worms. 

It appears not to bite the worm up before swallowing it, but 
contrives, in the most remarkable manner, to take down whole 


oe. 



Fio. 20. — Testacella ludiotidea Drap., protruding its pharynx (ph) and radula (r) ; 
oe, oe.sopliagus ; pulmonary orifice ; shy shell ; /, tentacle.s (after Lacazc- 

Duthiers). 


worms apparently much too large for its stomacli. Mr. Butterell 
relates^ that, after teasing a specimen of T, Maugei, and making 
it emit a quantity of frothy mucus from the respiratory aperture, 
he procured a worm of about three inches long, and rubbed the 
worm gently across the head of the Testacella. The tongue was 
rapidly extended, and the victim seized. The odontopliore was 
then withdrawn, carrying with it the struggling worm, which 
made every effort to escape, but in vain ; in about five minutes all 
had disappeared except the head, which was rejected. This 
protrusion of the tongue (radula') and indeed of the whole 


. 3 


* Zoologist^ 1887, p. 29. - Arctic, Zooh Eaep. Ghi, (2) v. p. 450 f. 

Jmirn. of fJmicJt.. iii. p. 277 ; conuianj W. M. Webli, Zooloffisty 1893, p. 281. 
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pharynx, is a very remarkable feature in the* habits of the 
animal. It appears, as it were, to harpoon its prey by a rapid 
thrust, and when the victim is once pierced by a few of the 
powerful sickle-shaped teeth (compare chap, viii.) it is slowly but 
surely drawn into the oesophagus (Fig. 20). 

Most gardeners are entirely ignorant of the character of 
Testacellaj and confuse it, if they happen to notice it at all, witli 
the common enemies of their tender nurslings. Cases have been 
known, however, when an intelligent gardener has kept specimens 
on purpose to kill worms in ferneries or conservatories. In some 
districts these slugs are very numerous ; Lacaze-Duthiers once dug 
182 specimens from a good well-manured piece of ground whose 
surface measured only ten square yards. 

Towards the end of September or beginning of October the 
period of hibernation begins. I infer this from the behaviour of 
specimens kept in captivity, which, for about a fortnight before 
this time, gorged themselves inordinately on as many worms as I 
chose to put into their box, and then suddenly refused food, buried 
themselves deeply in the earth, and appeared no more during the 
winter. The eggs are apparently much less numerous than is the 
case with Limax or Helix, and very large, measuring about inch 
in diameter. They are enveloped in a remarkably tough and 
elastic membrane, and, if dropped upon any hard sm-face, rebound 
several inches, just like an india-rubber ball. 

The animal creeps rather rapidly, and has the power of 
elongating its body to a remarkable extent. When placed on the 
surface of the groimd, in the full light of day, it soon betrays 
uneasiness, and endeavours to creep into concealment. Its method 
of burying itself is very interesting to watch. It first elongates 
its neck and inserts its head into the soil ; gradually the body 
begins to follow, while the tail tilts upwards into the air. No 
surface motion of the skin, no writhing or .wriggling motion of 
any kind occurs ; the creative simply works its way down in a 
•stealthy and mysterious way, until at last it is lost to view. 

The great Glandina, which attain their maximum develop- 
ment in Mexico and the southern United States, are a very 
noticeable family in this group. According to Mr. Binney,i 
Glandina truncata Gmel., one of the commonest species of tlie 
genus, is somewhat aquatic in its habits. It is found in the sea 

^ BulL Mus. Cmnp, Zool. Harv, iv. p. 85 . 
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islands of Georgia and aroniid the keys and everglades of Florida, 
where it attains a maximum length of 4 inches, while in less 
humid situations it scarcely measures more than 1 inch. It 
occurs most abundantly in the centre of clumps and tussocks of 
coarse grass in marshes close to the sea-coast. By the action of 
the sharp, sickle-sliaped teeth of its radula the soft parts of its 
prey (which consists chietty of living Helices) are rapidly rasped 
away ; sometimes they are swallowed whole. It has been known 
to attack Limax when confined in the same box, rasping off large 
pieces of the integument. In one case an individual was noticed 
to devour one of its own species, thrusting its long neck into the 
interior, of the shell, and removing all the viscera. 



Fig. 21 . — Glandina scncerhyana Pfr. (Strebel). 


The Glandinae of southern Europe, although scarcely rivalling 
those of Central America in size or beauty, possess similar 
carnivorous propensities. Glaiidina Poireti has been observed,^ 
on Veglia Island, attacking a living Cyclostoma elegans. By its 
powerful teeth it filed through two or three whorls of tlie shell 
of its victim, and then proceeded to devour it, exactly in the 
same manner as a Natica or Puccinum perforates the shell of a 

Tellina or Mactra in order to get at its contents. 

Few observations appear to have been made on the liabits 
or food of Streptaxis, Phytida, Enneay Daudehardia, Paryphanta, 
and other carnivorous Mollusca. A specimen of Ennea sulcata, 
enclosed in the same box as a Madagascar Helix {sepulcliralis 
Fer.) many times its own size, completely emptied the shell of 
its inhabitant.^ Mr. E. L Layard informs me that certain Cape 
Phytida, e.g, P. capsula Bens., P. dumxticola Bens., and 72. verni- 
cosa Kr., eat Cyclostoma affine. Helix capensis, H cotyledonis, etc. 
To Mr. Layard I am also indebted for the — perhaps apocryphal 
tradition that the best time to capture the great Aerope caffra 

1 Krjiivcc, JJc'iitxcJi* MnloJcm ^c9c\Xm 188[>j p» 88. 

- Crosse, c/imm- dc Couch. (3) xiv. (1874) p. 223. 
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For. iu numbers was after an engagement between the Kaffirs 
and Zulus, when they might be observed streaming from all points 
of the compass towards the field of slaughter. The Cuban 
Oleacina are known to secrete a very bitter fluid which they 
emit ; this perhaps produces a poisoning or benumbing effect 
upon their victims when seized. They devour opercidates, e.g. 
lielicina regina and sagraiav-a ' 

‘ C. Wright, Zoologist, 1869, p. 1700. 
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ENEMIES OF THE MOLLUSCA MEANS OF DEFENCE MIMICKY AND 

PROTECTIVE COLORATION — PARASITIC MOLLUSCA COMMEN- 
SALISM VARIATION. 

Enemies of the Mollnsca 

The juicy flesh and defenceless condition of many of the Mollusca 
make them the favourite food and often the easy prey of a host of 
enemies besides man. Gulls are especially partial to bivalves, and 
may be noticed, in our large sandy bays at the recess of the tide, 
busily devouring Tellinay Mactra, Mya, Syndosmya, and Solen, On 
the Irish coast near Drogheda a herring gull has been observed ^ 
to take a large mussel, fly up with it in the air over some shingly 
groimd and let it fall. On alighting and finding that the shell 
was imbroken it again took it up and repeated the process a 
number of times, flying higher and higher with it until the shell 
was broken. Hooded crows, after many unavailing attempts to 
break open mussels with their beak, have been seen to behave 
in a similar way.^ Crows, vultures, and aquatic birds carry 
thousands of mussels, etc., up to the top of the mountains above 
Cape Town, where their empty shells lie in enormous hea])S 
about the cliffs.® 

The common limpet is the favourite food of the oyster- 
catcher, whose strong bill, with its flattened end, is admirably 
calculated to dislodge ^ the limpet from its seat on the rock. 
When the limpet is young, the bird swallows shell and all, and 
it has been calculated that a single flock of oyster -catchers, 
frequenting a small Scotch loch, must consume hundreds of 

* W. V. Leggc, Zoolofjisly 1866, p. 190. * Blackwall, lUseareJieSy p. 169 

® Barrow, Travels in South Afrieay iL p. 67i 
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thousands of limpets in the course of a single year. Rats are 
exceedingly fond of limpets, whose shells are frequently found in 
heaps at the mouth of rat holes, especiaUy where a cliff shelves 
gradually towards a rocky shore. A rat jerks the limpet off with 
a sudden movement of his powerful jaw, and, judging from the 
size of the empty shells about the holes, has no difficulty in 
dislodging the largest specimens. ‘ I once landed,’ relates a 
shepherd to Mr. W. Anderson Smith,^ ‘on the I. of Dun- 
staffnage to cut grass, and it was so full of rats that I was afraid 
to go on ; and the grass was so full of limpets that I could 
scarcely use the scythe, and had to keep sharpening it all the 
time.’ Sometimes, however, the limpet gets the better both of 
bird and beast. The same writer mentions the case of a rat 
being caught by the lip by a limpet shell, which it was trying 
to dislodge. A workman once observed ^ a bird on Plymouth 
breakwater fluttering in rather an extraordinary manner, and, on 
going to the spot, found that a ring dotterel had somehow got 
its toe under a limpet, which, in closing instantly to the rock, 
held it fast. Similar cases of the capture of ducks by powerful 
bivalves are not uncommon, and it is said that on some parts of 
the American coasts, where clams abound, it is impossible to keep 
ducks at all,3 for they are sure to be caught by the molluscs and 

drowned by the rising tide. 

The Weekly Bulletin of San Francisco, I7th May 1893, con- 
tains an account of the trapping of a coyote, or prairie wolf, 
at Punta Banda, San Diego Co., by a Haliotis Cracherodii. The 
coyote had evidently been hunting for a fish breakfast, and 
finding the Haliotis partially clinging to the rock, had inserted 
his muzzle underneath to detach it, when the Haliotis instantly 
closed down upon him and kept him fast prisoner. 

Eats devour the ponderous Uniones of North America. When 
Unio moves, the foot projects half an inch or more beyond the 
valves. If, when in this condition, the valves are tightly pinched, 
the foot is caught, and if the pinching is continued the animal 
becomes paralysed and unable to make use of the adductor 
muscles, and consequently flies open even if the pressme is 
relaxed. The musk-rat (^Fiber zibethicus) seizes the Unio in his 
jaws, and by the time he reaches his hole, the Unio is ready to 

^ Loch Creraii^ p. 102. 2 Cordeaux, Zoologist, 1873, p. 3396. 

® Aincr, Nai, xii. p. 695 ; Science Gossip, 1865, p. 79. 
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gape. Rats also eat Vivipara, and even Limnaea, in every part 
of the world. 

Every kind of slug and snail is eaten greedily by blackbirds, 
thrushes, chaffinches, and in fact by many species of birds. A 
thrush will very often have a special sacrificial stone, on which 
he dashes the shells of Helix aspersa and nemoralis, holding 
them by the lip with his beak, until the upper whorls are broken ; 
heaps of empty shells will be found lying about the place of 
slaughter. The bearded Titmouse (Parus biarmicus') consumes 
quantities of Succinea putris and small Pupa, which are swallowed 
whole and become triturated in the bird’s stomach by the aid of 
numerous angular fragments of quartz.^ 

Frogs and toads are very partial to land Mollusca. A garden 
attached to the Laboratory of Agricultural Chemistry at Rouen 
had been abandoned for three years to weeds and slugs. The 
director introduced 100 toads and 90 frogs, and in less than a 
month all the slugs were destroyed, and all kinds of vegetables 

and flowers, whose cultivation had until then been impossible, 
were enabled to flourish.^ 

Certain Coleoptera are known to prey upon Helices and 
other land Mollusca. Edcluz noticed, near Agde, a beetle {Stouphy^ 
linns Glens') attack Helix ericetorum when crawling among herb- 
age, sticking its sharp mandibles into its head. Every time 
the snail retreated into its shell the beetle waited patiently 
for its reappearance, until at last the snail succumbed to the 
repeated assaults. M. Lucas noticed, at Oran, the larva of a 
Drilus attacking a Cyclostoma. The Drilus stood sentinel at the 
mouth of the shell, which was closed by the operculum, until the 
animal began to issue forth. The Drilus then with its mandibles 
cut the muscle which attaches the operculum to the foot, dis- 
abling it sufficiently to prevent its being securely closed, upon 
which it entered and took possession of the body of its defence- 
less host, completing its metamorphosis inside the shell, after a 
period of six weeks.* The female glow-worm {Lampyris noctiluca) 
attacks and kills Helix nemoralis. 

Among the Clavicornia, some species of Silpha carry on a 
determined warfare against small Helicea They seize the shell 

» Journ. TreiU. N. II. Soc. 1887, p. 58. » Ann. Nat. Hist. iii. 1893, pp. 238, 239. 

* Ilev. NcU. Sc. Quest, 1891, p^ 261. 

* Petit de la Saussaye, Joum. de Conch, iii. p. 97 f. 
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in their mandibles, and then, throwing their head backwards, 
break the shell by striking it against their prothorax. 

The common water beetle, Dytiscus marginalis, from its 
strength and savage disposition, is a dangerous enemy to fresh- 
water Mollusca. One Dytiscus, kept in an aquarium, has been 
noticed to kill and devour seven Limuaea stagnalis in the course 
of one afternoon. The beetles also eat L. jpevegTa, but apparently 
prefer stagudlis, for when equal quantities of both species were 
placed within their reach, they fixed on the latter species first.^ 

In East Africa a species of Ichneumon {Rcrpestes fasciatus) 
devours snails, lifting them up in its forepaws and dashing them 
down upon some hard substance.^ In certain islands off the south 
coasts of Burmah, flat rocks covered with oysters are laid bare at 
low tide. A species of Monkey {Macacus cynomolgus) has been 
noticed to furnish himself with a stone, and knock the oysters 
open, always breaking the hinge-end first, and then pulling out 
the mollusc with his fingers.^ 

The walrus is said to support himself almost entirely on two 
species of Mya {truncata and arenarid), digging them out of the 
sand, in which they live buried at a depth of about feet, with 
his powerful tusks. Whales swallow enormous numbers of pelagic 
molluscs {Clio, Limacind), which are at times so abundant in the 
Arctic seas, as to colour the surface for miles. Many of the 
larger Cetacea subsist in great part on Cephalopoda ; as many as 
1 8 lbs. of beaks of Teuthidae have been taken from the stomach 
of a single Hyperoodon, 

Fish are remarkably partial to Mollusca of various kinds. 
The cat-fish {Chimaera) devours Pectunculus and Cyprina, crush- 
ing the stout shells with its powerful jaws, while flounders and 
soles content themselves with the smaller Telliua and Syndosmya 
which they swallow whole. As many as from 30 to 40 speci- 
mens of Buccinum undatum have been taken from the stomach 
of a single cod, and the same ‘ habitat * has been recorded for 
some of the rarer whelks, e.g, Bucc, humphreysianum, Fusus 
fenestratus, the latter also occurring as the food of the haddock 
and the red gurnard. No less than 35,000 Turtonia minuta 
have been found in the stomach of a single mullet. Nudibranchs 
are no doubt dainty morsels for fish, and hence have developed, 

* J.W. Williams, Science Gossip, 1889, p. 280. Noack, Zooh JB. ii. p. 254. 

3 La Nature, xv. (2) p. 46. 
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Ill many cases, special faculties for concealment, or, if distasteful, 
special means of remaining conspicuous (see pp. 71-74). 

Besides the dangers to which they are exposed from other 

enemies, many of the weaker 
forms of Mollusca fall a prey to 
their own brethren. Nassa and 
Murex on this side of tlie At- 
lantic, and Urpsalpino: on the 
other, are the determined foes 
of the oyster. ; Purpura lapillus 
])refers My til vs edulis to any 
other food, piercing the sliell in 
about two days time 1)) its 
powerful radula, whicli it ap- 
pears to employ somewhat in 
gimlet fashion. If Mytilus 
cannot be procured, it will eat 
Littoriua or Trochus, Init its 
attempts on the hard shell of 
The statement which is some- 
times made, that the Purpura makes its hole over the vital parts 
of the Mytilus, appears, according to the evidence embodied in 
the annexed figure, to be witliout foundation. The fact is that 
a hole in any part of its shell is fatal to the Mytilus, since tlie 
long pro])oscis of the Purpura, having once made an entrance, 
can reach from one end of the sliell to the other. The branchiae 
are first attacked, the adductor muscles and edges of tlie mantle 
last. Natica and Kassa pierce in a similar way the shells of 
Mactra, Tcllina, Donax, and Venus. Murex fortispina is furnished 
with a powerful tooth at the lower part of its outer lip. At 
Noumea, in New Caledonia, its favourite food is Area pilosa, 
which lives half buried in coral refuse. The Murex has been 
seen to drag the Area from its place of concealment, and insert 
the tooth lietween the valves, so as to prevent their closing, upon 
which it was enabled to devour its prey at leisure.^ 

The carnivorous land Mollusca, with the exception of Testa- 
cella, appear to feed by preference upon other snails (pp. 54, 55). 

Parasitic Worms, IMQtes, etc. — A considerable munlier of 
the Trematode worms pass one or more of the stages in the 


Fig. 22. — Two valves of Mytilus edulis 
L., representing diagraininatically the 
approximate position of the holes 
hored by Purpura in about 100 speci- 
mens of Mytilus, gathered at New- 
quay, Cornwall. 

Patella are generally failures. 
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cycle of their development within the bodies of Mollusca, attain- ) 
ing to the more perfect or sexual form on reaching the interior | 
of some vertebrate. Thus Ihstovicb eiidolctbuvi Duj. finds its 
first intermediate host in LivfiTicieci stognalis and L, ovcitci^ its 
second in Z. stagiialis, or in one of the fresh -water shrimps 
{GcLiifiMCiTiis pul cx^y or in the larvae of one of the 1 livyganeidoc 
{TAmnophilus rhomhicus), attaining to the sexual form in the 
common frog. Distoma ascidia v. Ben. jxisses firstly througli 
Limnaea stagnalis or Flanorhis corneuSy secondly through certain 
flies and gnats {Epliemeray PerUy Chironomus)y and finally arrives 
within certain species of bats. Distoma nodulosum Zed. inhabits 
firstly Paludina impuray secondly certain 
fishes {CyprinuSy Acerin(i)y and lastly the 
common perch. The sporocyst of Distoma 
macrostoinum inhabits Succinea putriSy 
pushing itself up into the tentacles, which 
become unnaturally distended (Fig. 23). 

While in this situation it is swallowed by 
various birds, such as the thrush, wagtail, 
and blackbird, which are partial to Succineay 
and thus obtains lodgment in their bodies. 

Amphistoma suhclavatum spends an early 
stage in Flanorhis contortuSy after 'which it 

l)ecomes encysted on the skin of a frog. When the frog sheds 
its skin, it swallows it, and with it the Amphistoma y which 
thus becomes established in the frog^s stomach.^ 

The common liver-fluke, which in the winter of 1879-1880 
cost this comitr)" the lives of no less than three million sheep, is 
perhaps the best known of these remarkable parasitic forms of 
life. Its history shows us, in one important particular, how 
essential it is for the creature to meet, at certain stages of its 
existence, with the exact host to which it is accustomed. Unless 

« ^ I 

the newly - hatched embryo finds a Limnaea truncatula within 
about eight hours it becomes exhausted, sinks, and dies. It has 
been tried with all the other common pond and river Mollusca, with, 
Limruvea peregray palustriSy aurieulariay stagnalisy with Flanorhis 
warginatuSy carinatuSy vortex y and spirorhiSy with Physa fontinaliSy 
Bithynia tentaxut atUy Fidudina viviparay as well as with Succinea 
putriSy Llmax agrestis and maxunuSy Arion ater and hortensis. 

* A. Lang, Ber* Naturf, Ges, Frcih, vi. 1892, p. 81. 


Fig. 23. — A Trematode 
worm [Lciicochloridium 
jmradoxuvi Car.) para- 
sitic ill the tentacle.s of 
Succinea putris L. x 20 
(after Baudon). 
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Not one of them would it touch, except occasionally very young 
specimens of L, peregra^ and in these its development was arrested 
at an early stage. But on touching a L, truncatula the embryo 
seems to know at once that it has got what it wants, and sets 
to work immediately to bore its way into the tissues of its 
involuntary host, making by preference for the branchial chamber; 

those which enter the foot or other outlying parts of the Liranaea 
proceed no farther.^ 

Many similar cases occur, in which littoral Mollusca, such as 
Littorina and Buccinum^ form the intermediate host to a worm 
which eventually arrives within some sea-bird. 

X Certain Nematode worms {Rhahditis) are known to inhabit 
/^the intestine of Avion, and the salivary glands of Limax agrestis, 

I Diptera habitually lay their eggs within the eggs of Helix and 
I Limax. Many species of mite {Acarina) infest land Pulmonata. 

' No adult Limax maximus is without at least one specimen of 
Philodromus (?) limacum, and the same, or an allied species, appears 
to occur on the larger of our Helices, retiring upon occasion into 
the pulmonary chamber. 

Several of the Crustacea live associated with certain molluscs. 
Pinnotheres lives within the shell of Pinna, Ostrea, Astarte, 
PectuTiculus, and others. Apparently the females alone reside 
within the shell of their host, while the males seize favourable 
opportunities to visit them there. A specimen of the great 
pearl-oyster {Meleagrina margaritifera) was recently observed 
which contained a male Pinnotheres encysted in nacre. It was 
suggested that he had intruded at an unfortunate time, when no 
female of his kind happened to be in, and that, having penetrated 
too far beneath the mantle in the ardour of his search, was made 
prisoner before he could escape.^ Ostracotheres Tridacnae lives 
in the branchiae of the great Tridacna. A little brachyurous 
crustacean inhabits the raft of lanthina, and assumes the brilliant 
blue colour of the mollusc. 

Means of Defence 

As a rule, among the Mollusca, the shell forms a passive 
mode ot resistance to the attacks of enemies. Bivalves are 

1 A. P. Thomas, Q. J.Micr. Sc., N. S., xxiii. (1883) p. 09. 

H. Woodward, />. S. S. 1886, p. 176. 
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enabled, by closing their valves, to baffle the assault of their 
smaller foes, and the operculum of univalves, both marine and 
land, serves a similar purpose. Many land Mollusca, especially 
Helix and Puj)a, as well as a number of Auriculidae, have the 
inside of the aperture beset with teeth, which are sometimes so 
numerous and so large that it is puzzling to understand how the 
animal can ever come out of its shell, or, having come out, can 
ever draw itself back again. Several striking ciises of these 
toothed apertures are given in Fig. 24. Whatever may be the 



Fio. 24. — Illustrating the elaborate arrangement of teeth in the aperture of some land 
Pulmonata. A. Helix {Labyrinihus) bifurcata Desh., Equador. B. 11. {Pleuro- 
donta) picturata Ad., Jamaica. C. //. {Dentellaria) mix denticulata Chein., 
Demerara. D. Anostoma carinatuvi Pfr., Brazil ; a, tube communicating with 
interior of shell. E. 11. {Stenotrema) stenotrevia Per., Tennessee, x F. II. 
{Polygyra) auricxdata Say, Florida, x %. G. II. {Plectopylis) refuga Gld., Tenas- 
serim (a and b x 2). 


origin of tliese teeth, there can be little doubt that their extreme 
development must have a protective result in opposijig a barrier 
to the entrance, predatory or simply inquisitive, of beetles and 


other insects. Sometimes, it will be noticed (G), the aperture 

itself is fairly simple, Imt a formidable array of obstacles is 

encountered a little way in. It is jwssible that the froth emitted 

by many land snails has a similar effect in involving an irritatimr 

intruder in a mass of sticky slime. The mucus of slugs and 

snails, on the other hand, is moi'e probably, besides its use in 

facilitating hxiomotion, a contrivance foi’ checking evapoi'ation, 

by surrounding the exposed parts of their bodies "with a viscid’ 
medium. 

Some species of Lima shelter themstdves in a nest constructed 
of all kinds of marine refuse, liehl together l.y l)yssiferoua tliread.s. 
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Modiola adriatir.a, M. harhata, and sometimes Af. modiolus, con- 
ceal themselves in a similar way. Gitstrochaena frequently 
encloses itself in a sort of half cocoon of cement-like material. 
The singular genus Xenophora protects itself from ohservation by 
gluing stones, shells, and various d4hris to the upper side of its 
wliorls (Fig. 25). Sometimes the selection is made with remark- 
able care; the Challenger, for instance, obtained a specimen 
wliich had decorated its body whorl exclusively with long and 
pointed shells (Fig. 26). 



Fio. 25 . — Xenophora {Phorus) 
conchyliophora Born., con- 
cealed by the stones which 
it glues to the upper surface 
of its shell. (From a British 
Museum specimen.) 



Fia. 26. — Xe 7 U>phx)ra{Phcrus)paUidtUa Reeve. 
A mollusc which escapes detection by 
covering itself with dead shells of other 
species. (From a ChgJlenger specimen in 
the British Museum, x ^. ) 


The formidable spines with which the shells, e,g, of the 
Murex family, are furnished must contribute greatly to their 
protection against fishes, and other predatory animals. Murex 
tenuispina, for instance (see chap, ix.), would prove as dangerous 
a morsel in the mouth of a fish as a hedgehog in that of a dog. 
Whether the singular tooth in the outer lip of Leucozonia (see 
chap, xiv.), a feature which is repeated, to a less marked extent, in 
Monoceros and several of the West Coast muricoids, is developed 
for defensive purposes, cannot at present be decided. 

The Strombidae possess tlie power of executing long leaps, 
which they doubtless employ to escape from their foes. In their 
case alone this power is combined with singular quickness of 
vision. On one occasion Mr. Cuming, the celebrated collector, 
lost a beautiful specimen of Terehelluiay l»y the animal suddenly 
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leaping into the water, as he was holding and admiring it in his 
hand. Miss Saul has informed me that the first living specimen 
of Trigonia that was ever obtained was lost in a similar way. It 
was dredged by Mr. Stutchbury in Sydney Harbour, and placed 
on the thwart of a small boat. He had just remarked to a 
companion that it must be a Trigonia, and his companion had 
laughed at the idea, reminding him that all known Trigonia were 
fossil, when the shell in question baffled their efforts to discover 
its generic position by suddenly leaping into the sea, and it was 

three months before Mr. Stutchbury succeeded in obtaining 
another. 

Some genera possess more than merely passive means of 

defence. Many Cephalopoda emit a cloud of inky fluid, which 

is of a somewhat viscous nature, and perhaps, besides being a 

means of covering retreat, serves to entangle or impede the 

pursuer. The formidable suckers and hooks possessed by many 

genera in this Order are most dangerous weapons, both for 

offence and defence. Aplysia, when irritated, ejects a purple 

fluid which used to be considered dangerously venomous. Many 

of the Aeolididae, including our own common Aeolis papillosa, 

possess stinging cells at the end of their dorsal papillae, the effect 

of which is probably to render them exceedingly distasteful to 
fish. 

The common Vitrina pellucida has a curious habit which in 
all probability serves for a defence against birds in the winter. 
When crawling on the edge of a stone or twig it has the power 
of suddenly jerking its ‘ tail,’ so as to throw itself on the ground, 
where it is probably lost to sight among decaying leaves. At 
other times it rolls away a few inches and repeats the jump. It 
also possesses the power of attaching to itself bits of leaves or 
soil, which entirely cover and conceal both shell and animal.^ 
The property of parting with the tail altogether, a remarkable 
form of self-defence, has already been noticed on p. 44. 

The poisonous nature of the bite of certain species of Conus is ) 
well authenticated. Surgeon Hinde, RN., saw * a native on the ( 
I. of Matupi, New Britain, who had been bitten by a Conus) 
geographus, and who had at once cut small incisions with a sharp ( 
stone all over his arm and shoulder. The blood flowed freely, 

' W. E. Collinge, Zoologist, 1890, p. 467. 

* Proe. Linn. Soe, JV. S. Wales, ix. p. 944. 

t r^v M 'ft 
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and the native explained tliat had he not taken these precautions 

he would have died Instances have been 
recorded of poisonous wounds being inflicted 
by the bite of Conus aulicus, C. textile, and C, 
tulipa. According to Mr. J. Macgillivray ^ C. 
textile at Aneiteum (S. Pacific) is called intrag, 
and the natives say it spits the poison upon 
them from several inches off! Two cases of 
bites from C. textile occurred to this gentle- 
man’s notice, one of which terminated fatally 
by gangrene. Sir Edward Belcher, when in 
command of the Samarang, was bitten ^ by 
a Conus avXicus at a little island off Ternate in 
the Moluccas. As he took the creature out of 
the water, it suddenly exserted its proboscis 
and inflicted a wound, causing a sensation 
similar to that produced by the biurning of 

Fig 27 —A tooth from P^osphorus Under the skin. The woimd was 
the radula of C(mus a Small, deep, triangular mark, succeeded by a 

sho^n^*^ baTrb ^ vesicle. The natives of New Guinea 

poison dnct have a wholesome dread of the bite of Cones. 

Mr. C. Hedley relates ^ that while collecting on 
a coral reef he once rolled over a boulder and exposed a living 
C, textile. Before he could pick it up, one of the natives hastily 
snatched it away, and explained, with vivid gesticulations, its 
hurtful qualities. On no account would he permit Mr. Hedley 
to touch it, but insisted on himself placing it in the bottle of 
spirits. 

Mimicry and Protective Coloration 

Cases of Mimicry, or protective resemblance, when a species 
otherwise defenceless adopts the outward appearance of a better 
protected species, are rare among the Mollusca. Karl Semj^r 
mentions an interesting case of the mimicry of Helicarion tigrinus 
by Xesta Cumingii, in the Philippinea It appears that all 

' Zoologist, xviii. (1860) p. 7136. 

* A. Adams, Sanuirang, vol. ii. Zoology, p. 857- 
® In Thomson's British New Ouinea, p. 283. 

^ Anvmdl I/ife, p. 396. It should be mentioned that Von MollendorfT {Ber, Seruk, 
Oes, 1890, p. 198) ridicules the whole theory. 
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species of Helicarion possess the singular property of shaking off 
the tail or hinder part of the foot, when seized or irritated. 
Specimens captured by collectors, Hel. ti'grinus amongst them, 
have succeeded in escaping from the hand, and concealing them- 
selves, by a sort of convulsive leap, among the dry leaves on the 
ground. This power of self-amputation must be of great value 
to Helicarion, not only as enabling it to escape from the clutch 
of its enemies, but also as tending to discourage them from 
attempting to capture it at all. Now the genus Xesta is, in 
anatomy, very far removed from Helicarion, and the majority of 
the species are also, as far as the shell is concerned, equally 
distinct. Xesta Cumingii, however, has, according to Semper, 
assumed the appearance of a Helicarion, the thin shell, the long 
taU, and the mantle lobes reflected over the shell ; but it has not 
the power of parting with its tail at short notice. It lives 
associated with Helicarion, and so close is the resemblance between 
them that, until Semper pointed out its true position, it had 
always been classified as a member of that group. 

In the same passage Semper draws attention to two other 

c^ses of apparent mimicry. The first is another species of Xesta 

(mindanaensis) which closely resembles a species of Rhysota 

(Antonii), a genus not indeed so far removed from Xesta as 

Helicarion, but, as far as the shell is concerned, well distinguished 

from It. In this case, however, there is no obvious advantage 

gained by the resemblance, since Rhysota as compared with 

Xesta 18 not known to possess any definite point of superiority 

which it would be worth while to counterfeit. A second case of 

resemblance between certain species of the genus Chloraea and 

the characteristic Philippine group Cochlostyla will not hold good 

as affording evidence of mimicry, for Chloraea is now recognised 
as a subgenus of Cochlostyla. 

The MoUusca are not much mimicked by creatures of different 
organisation. This appears at first sight strange, since it might 
ave been thought that the strong defensive house of a snail was 
worth imitating. Still it is probably not easy for creatures 
bilaterally symmetrical to curl themselves up into an elevated 
spiral for any length of time. One or two instances, however 
may be mentioned. The larva of a moth belonging to the 
^sychidae and occurring in France, Germany, the Tyrol, and 
ayria, coils itself up into a sinistral spiral of three whorls, and is 
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aptly named Psyche helix, a kindred species from Italy being 
known as Ps. flanorhis. 

An insect larva {Cochlojphora valvata) from E. Africa is said 
to resemble a Valvata or young Cyclostoma. In this case the 
spiral is indifferently dextral or sinistral, the ‘ shell ’ being formed 
of masticated vegetable matter, united together by threads spun by 
the larva. Certain larvae of the Phryganeidae Caddis-worms ”) 
enclose themselves in houses which more or less resemble a 
spiral shell, and have in some cases actually been described as 
molluscan. Such species, some of which belong to Helicopsyche, 
have been noticed in S. Europe, Ceylon, Further India, China, 
Tasmania, New Zealand, Tennessee, Mexico, Central America, 
Venezuela, Brazil, and Argentina, and alP possess a dextral 
‘ shell' In all these cases ' mimicry ' is probably not so much to 
be thought of as the practical advantages which accrue to the 
animal in question from the spiral form, which gives it greater 
strength to resist external blows, and enables it to occupy, during 
a very defenceless portion of its existence, a very small amount 
of space. 

The larva of some species of the Syrphidae {Dipteral fixes itself 
on the under side of stones in the Tyrol, and closely resembles a 
small slug. The naturalist Von Spix, in 1825, described to the 
Bavarian Academy as a new genus of land Mollusca a somewhat 
similar larval form found in decaying wood on the banks of a 
German lake.^ Simroth mentions ^ a curious case as occurring 
near Grimma. The caterpillars of certain Microlepidoptera occur 
on slabs of porphyry, associated with a species of Clausilia. 
Besides being of the same colour as the Clausiliae, the caterpillars 
have actually developed cross lines on the back, i.e. on the side 
turned away from the rock, in imitation of the suture of the 

mollusc. 

It has been suggested ^ that there is mimicry between Aeolis 
papillosa (a common British nudibranch) and Sagartia troglodytes 
(an Actinian), and also between another species of Sagartia and 
Aeolidiella Alderi. The facts observed are not suflBcient to 
warrant a decided opinion, but it seems more probable that the 

I Von Martens, SB. Nat. Fr. Bt/rl. 1891, p. 83. 

* Von Martens, Hrii. 1887, p. 183. * SB. Nat. OeseU. Uipz. xiii. -lir. p. «• 

« Garstong. Jotim. Mar. Biol. Asa. N. S. L p. 432 ; Giard, Bull. Sei. Fr. Belg. 

1888, p. 602 t 
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Actinian mimics the nudibranch than vice versd, since Aeolis is 
known to be unpalatable to fishes. 

Certain species of Strombus {mauritianus L., luhuamts L) 
show a remarkable similarity in the 
shape of the shell to that of Conus, 
so much so, that a tiro would be 
sure to mistake them, at first si^ht, 

' O ^ 

for Cones. In the case of S, luh- 
uanus at least, this similarity is 
increased by the possession of a 
remarkably stout brown epidermis. 

Now Conus is a flesh-eating genus, 
armed with very powerful teeth 
whicli are capable of inflicting even „ 

. , . rio. 28 . — A, Sfroinbiis 'inauiritianus 

on man a poisonous and sometimes Lam., wliich mimics Conus in 

fatal wound (see i). G6). StTonibus. Hwass, 

^ X / y Ai *1.11 1 

on the other hand, is probably frugi- 

vorous, and is furnished with weak and inoffensive teeth. It is 
possible that this resemblance is a case of ' mimicry.' It is quite 
conceivable that powerful fishes which would swallow a Strombus 
whole and not suffer for it, might acquire a distaste for a Cone, 
which was capable of lacerating their insides after being swal- 
lowed. And therefore the more like a Cone the Strombus became, 

the better chance it would have of being passed over as an 
ineligible article of food. 

Protective coloration is not uncommon among the Mollusca. 
Littorina obtusata is habitually found, on our own coasts, on 
tucus vesiculosus, the air-bladders of which it closely resembles 
in colour and shape. Littorina pagodus, a large and showy 
species, resembles so closely the spongy crumbling rocks of 
Timor, on which it lives, that it can hardly be discerned a pace 
off. Helcion pellucidum, the common British ‘ blue limpet,' lives, 
when young, almost exclusively on the iridescent leaves of 
the great Laininariae, with the hues of which its own con- 
spicuous blue lines harmonise exactly. In mature life, when 
the Helcion invariably transfers its place of abode to the lower 
parts of the stalk and finally to the root of the Laminaria, which 

are quite destitute of iridescence, these blue lines disappear or 
Ixicome much less marked. 

1 he specimens of Purpura lapillus which 
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in Cornwall are banded with rings of colour, especially with 
black and white, in a more varied and striking way than any 
other specimens that have ever occurred to my notice. I am 
inclined to refer this peculiarity to a tendency towards protective 
coloration, since the rocks on which the Purpura occurs are 
often banded with veins of white and colour, and variegated to a 
very marked extent. 

Ovula varies the colour of its shell from yellow to red, to 
match the colour of the Gorgonia on which it lives. The same is 
the case with Pedicularia, which occurs on red and yellow coral. 

Helix desertorum, by its gray -brown colour, harmonises 
well with the prevailing tint of the desert sands, among which 
it finds a home. Benson observes that the gaudy H haemastoma, 
which lives on the trunks of palm-trees in Ceylon, daubs its shell 
with its excrement. Om* own Buliviinus ohscurus, which lives 
principally on the trunks of smooth - barked trees, daubs its 
shell with mud, and must often escape the observation of 
its enemies by its striking resemblance to the little knots on 
the bark, especially' of beech trees, its favourite haunt. Some 
species of Microphysaj from the West Indies, habitually encrust 
their shells with dirt, and the same peculiarity in Vitriua 
has already been mentioned. Ariophanta Dohertyi Aldr., a 
recent discovery from Sumatra, is of a green colour, with 
a singularly delicate epidermis ; it is arboreal in its habits, 
and is almost invisible amongst the foliage.^ Many of our 

own slugs, according to Scharff, are coloured protectively 
according to their surroundings. A claret - coloured variety 
of Arion ater occurred to this observer only in pine woods, 
where it harmonised with the general colouring of the ground 
and the pine-needles, while young winter forms of the same 
species choose for hiding-places the yellow fallen leaves, 
whose colour they closely resemble. lAmax marginatus ( = arho- 
rum Bouch.) haunts tree trunks, and may easily be mistaken 
for a piece of bark ; Amalia carinata lives on and under the 
ground, and in colour resembles the mould ; Arion intermedins 
feeds almost exclusively on fungi, to which its colour, which 
is white, gray, or light yellow, tends to approximate it closely; 
GeomaZacus maxvlosus conceals itself by its striking resemblance 
to the lichens which grow on the surface of rocks, and actually 

* NautiluSi vi. 1892, p. 90, 
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presumes on this resemblance so much as to expose itself, 

contrary to the usual custom of its congeners, to the full light 
of the afternoon sun.* 

Several views have been advanced with regard to the dorsal 
papillae, or cerata, in the Nudibranchs. Professor W. A. 

Herdman, who has examined a considerable number of our 

own British species, in which these processes occur, is of 
opinion that they are of two quite distinct kinds. In the 

first place, they may contain large offshoots, or diverticula, 
of the liver, and thus be directly concerned in the work of 
digestion. This is the case with Aeoiis and Doto. In the 

second place, they may be simply lobes on the skin, witli no 
connection with the liver, and no special function to perform. 
This is the case with Tritonia, Ancula, and Dendronotus. 

Professor Herdman is of opinion that although the cerata 

may in all cases aid in respiration to a certain extent, yet 

that extent is so small as to be left out of consideration 

altogether. He regards the cerata in both the two classes 

mentioned above as “of primary importance in giving to the 

animals, by their varied shapes and colours, appearances which 

are in some cases protective, and in others conspicuous and 
warning.” 

Thus, for instance, Tritonia plebeia, which is fairly abundant 
at Puffin and Hilbre Is., appears always to be found creeping 
on tlin colonies of a particular polyp, Alcyonium digitatum 
and nowhere else. The specimens in each colony of the polyp 
differ noticeably both in the matter of colour, and of size 
and of varied degrees of expansion. The Tritonia differs 
also, being marked in varied tints of yeUow, brown, blue 
gray, black, and opaque white, in such a way as to harmonise 
with the varied colours of the Alcyonium upon which it 
lives The cerata on the back of the Tritonia contribute 
to tins general resemblance. They are placed just at the 
right distance apart, and are just the right size and colour 

polj^^™*^^^ tentacles on the half-expanded 

Similarly, Boto coronata, which, when examined by itself 
18 a very conspicuous animal, with showy, bright-colomed cerata,’ 

1 R, F. Scliarff, Sci. Trans. K, DnbL Soc. (2) iv. p. 553 f. 

Q. Jounu Micr. Sci. N. S. xxxi. (1890) p. 41 f. 
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is found by Professor Herdman to haunt no other situations 
but the under-side of stones and overhanging ledges of rock 
which are colonised by a hydroid, known as Clava multicornis. 
The Doto is masked by the tentacles and clusters of sporosacs 
on the zoophyte, with whose colouring and size its own cerata 
singularly correspond. A similar and even more deceptive 
correspondence with environment was noticed in the case of 
the very conspicuous Dendronotus arhorescens. 

In these cases, the colouring and general shape of the cerata 
are protective, i.e. they match their surroundings in such a 
way as to enable the animal, in all probability, to escape the 
observation of its enemies. According to Professor Herdman, 
however, the brilliant and showy coloration of the cerata of 
Aeolis is not protective but ‘warning/ Aeolis does not hide 
itself away as if shimning observation, like Doto, Tritonia, and 
Dendronotus; on the contrary, it seems perfectly fearless and 
indifferent to being noticed. Its cerata are provided with 
sting-cells, like those of Coelenterata, at their tips, and its very 
conspicuousness is a warning to its enemies that they had 
better not try to attack it, just as the showy white tail of 
the skunk acts as a sort of danger-signal to its own particular 
foes. It is important for the Aeolis, not merely to ie an 
unpalatable nettle in animal shape, but also to be conspicuous 
enough to prevent its being experimented upon as an article of 
food, in mistake for something less nasty. 

Professor Herdman subsequently conducted some experi- 
ments ^ with fishes, with the view of testing his theory that the 
shapes and colours of Nudibranchs serve the purpose either of 
protection or warning, and bear direct relation to the creature's 
edibility. These experiments, on the whole, distinctly tended 
to confirm the theory. Aeolis was evidently very nasty, and 
probably stung the mouths of the fishes who tried it. For the 
complete success of the theory, they ought to have let it severely 
alone, but the fish were evidently accustomed to make a dash 
at anything that was dropped into their tank. Another con- 
spicuous mollusc, Ancula cristata, was introduced. Professor 
Herdman and his collaborator each commencing operations by 
eating a live specimen themselves. They found the taste 
pleasant, distinctly like that of an oyster. The fish, however, 

* A detailed account is given in Proc, Liverp. Biol, Soc, iv. (1890) pp. 150-163. 
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when the experiments were conducted under conditions which 
made the scene as much like ‘ real life ’ as possible, did not 
agree with Professor Herdman. The Ancula crawled over 
varioiis parts of the tank for several days untouched by the 
fish, who sometimes went close to them and looked at them, 
but never attempted to taste them. Experiments with species 
whose colours were protective, such as Dendronotus, were also 
conducted, and the decided edibility of tliese species was 
established, the fish competing eagerly for tliem, and tearing 
them rapidly to pieces. 

Mr. W. Garstang, of the Plymouth Laboratory of the Marine 
Biological Association, confirms ^ Professor Herdman’s views as 
to the shape and colour of Opisthobranchs. Pleurohranchus 
memhranaceus is known to secrete, on the surface of the body, 
an acid which reddens blue litmus paper. It is, therefore, no 
doubt distasteful to fish, which all abominate the taste of acids, 
and is conspicuously marked with red -brown and yellowish 
‘ warning ’ colours. Haminea and Philine, on the other hand, 
are good to eat, and consequently possess ‘ protective ’ colora- 
tion. Runcina Harvcocki, which is of a brown colour, crawls 
over brown mud and weeds, but avoids green weeds, on 
whose surface it would appear conspicuous. Elysia viridis 
\aries its colour according to its habitat, being green when 
on green weeds, and dark olive, brown, or reddish brown, on 
pools among tufts of littoral algae. Green specimens of 
Hermaea dendritica were kept in captivity, and placed in a dish 
with green and red sea -weeds. They were never observed 
crawling upon the red weed, upon which they would have 
been very conspicuous. Archidoris flammea occurred on bric^ht 
red sponges, to which its colour was so closely assimilated 
that Mr. Garstang at first quite overlooked it. Goniodoris 
castanea was found under stones, feeding on compound Ascidians 
{Botryllus), which it sufficiently resembled to be very in- 
conspicuous in that position. 

Again, Jorunna Johnstoni lives * upon stones on our southern 
coast, associated with a certain sponge {Eodichondria sp.), which 
it resembles so closely in outline, in colour, in character of 
surface, and in its projecting plumes, as to make it very 

’ Journ. Mar. Biol. Ass. N. S. i. p. 418 f. 

Garstang, Conchologist, ii. p. 49. 
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difficult even for the careful observer to distinguish the one 
from tlie other. And, since fishes are known to be distinctly 
averse to sponges of any kind as an article of food, this re- 
semblance must be decidedly to the advantage of the Jorunna. 
Another Nudibranch {Calma glaiicoides A. and H.) imitates 
the ova of certain fishes, on which it feeds. Its elongated 
and depressed form of body, transparent integuments, and 
silvery gray papillae combine to give it a strong resemblance 
to the spawn of the fish, which is deposited on stones, the 
roots of Laminaria, etc.^ 

The common Lamellaria perspicua appears to possess the 
power of protectively assimilating its colour, markings, etc., 
to the Ascidians on which it lives. A recent case, occurring 
off the Isle of Man, is thus described by Professor Herdman.^ 
‘‘ The mollusc was on a colony of Leptoclinum maculatum, in 
which it had eaten a large hole. It lay in this cavity so as 
to be flush with the general surface ; and its dorsal integument 
was not only whitish with small darker marks which exactly 
reproduced the appearance of the Leptoclinum surface with 
the ascidiozooids scattered over it, but there were also two 
larger elliptical clear marks which looked like the large common 
cloacal apertures of the Ascidian colony. . . . Presumably the 
Lamellaria escapes the observation of its enemies through 
being mistaken for part of the Leptoclinum colony ; and the 
Leptoclinum, being crowded like a sponge with minute sharp- 
pointed spicules, is, I suppose, avoided as inedible (if not 
actually noxious through some peculiar smell or taste) by 
carnivorous animals which might devour such things as the 
soft unprotected mollusc.” 

Parasitic Mollusca 

Various grades of parasitism occur among the Mollusca, 
from the true parasite, living and nourishing itself on the tissues 
and secretions of its host, to simple cases of commensalism. 
Some authors have divided these forms into endo- and ecto- 
parasites, according as they live inside or outside of their host 

^ Hecht, Ccmptes Rtndus, czv. p, 746. 

* CoTuholoffist, ii. p. 130. 
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Such a division, however, cannot be rigidly carried out, for certain 
forms are indifferently endo- and ecto-parasitical, while others 
are ecto-parasitic in the young form, and become endo-parasitic 
in the adult. It will be convenient, therefore, simply to group 
the difterent forms according to the home on which they find a 
lodgment. 


On Sponges. — Vulsella and Crenatula almost invariably 
occur in large masses of irregu- 
lar shape, boring into sponges. 

They are especially abundant on 
Porifera from the Red Sea. 

Corals form a favourite home 
of many species, amongst which 
are several forms of Cor allio- 
ph ila, Rh i zocliilus^ 

am C Sisfrij[nL_ 


Leptocoru'Jius. 
Rhizochilus is a 



Fig. 29. — Magilus aiitiqvyis L. : 
A, the adult, inibeilded in coral, 
which has been broken away to 
show' the tube ; B, the young 
(free) form. 


very singular creature, inhabiting 
branching corals. When adult, it 
forms irregular shelly extensions 
of both the inner and outer lips, 
which adhere to tlie shafts of the 
coral, or to tlie suiTace of neiuh- 

' o 

boiming sliells ; at length the aper- 
ture becomes completely closed with the exception of the 
siphonal tube, which becomes long, and consists of the same 

shelly material. T^he common — (Fig 99 ) from the 

Red Sea and Indian Ocean, in the young form is shaped like 
a small Buccinuni. As the coral (^Meandrina) to which it 
attaches itself grows, the Magilus dev elops at the mouth a 
long calcareous tube, the aperture of wliich keep s pace~^vith 
th^growih of rhe coral,* and prevents th einollusc from being 
entomlied. The animal lives at the f ree7^F ~dirEer7'mT^^ the 

thus contin ua lly shiftin g"^ its position, wliile the 

<>RipleteIycio5iTr^^ mass of solid 


Ciilcareous matter. 


ertaiTi RpprW in W>it 

assuming the colour, yellow or red, of their Tiost, anil, in 
certai^c^ises^^veloping^ for pre hensiTe purposes, a 

pointed extension of the two extremities of the shel^^J 
ularia, a Tornr-akin-^o - with a inore^llulous 

mouth, inhabits the common Coraliiuvi ruhrum of the Mediter- 
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ranean, and another species has been noticed by Graeflfe^ on 
Melithaea ochracea in Fiji. 

On Echinodermata, — (a) Crinoidea, Stilina comahtlicola lives 
on Comatula mediterranean fixed to the outer skin, which it pene- 
trates by a very long proboscis ; the shell is quite transparent.^ 
A curious case of a fossil parasite has been noticed by Eoberts.^ 
A (7a/yp^raea-shaped shell named Platyceras always occurred on 
the ventral side of a cri noid, encompassed by the arma For 
some time this was thought to afford conclusive proof of the 
rapacity and carnivorous habits of the echinoderm, which had 
died in the act of seizing its prey. Subsequent investigations, 
however, showed that in all the cases noticed (about 150) the 
Platyceras covered the anal opening of the crinoid in such a way 
thaf~the mouth~orTEe mollusc must have been directly over the 
orifice of the anus. (6) Asteroidea, The comparatively soft 
texture of the skin of the starfishes renders them a favourite 
home of various parasites. The brothers Sarasin noticed ^ a 
species q£ Sstilrf ^r encysted on the rays of Linckia multiformis. 
Each shell was enveloped up to the apex, which just projected 
from a hole at the top of the cysT! T he probog cis was^iong, and 
at its base was a kind of false mantle, which appeared to possess 
a pumping action. On the under side of the rays of the same 
starfish occm’red a capuliform p^.tnr.n'n jchaX fur- 

•nished with a muscular plate, whose cuticular surface was in- 
dented in such a way as to grip the skin of the lAnchia. This 
plate was furnished with a hole, through which the pharynx 
projected into the texture of the starfish, acting as a proboscis 
and apparently furnished with a kind of pumping or sucking 
action. Adams and Keeve^ nutpriiuilfL as living 

^on the tubercle of a starfish,' and SUJiif er^ astericc^ , from the 
coast of Borneo, as ' living in the body ofa~stafliBh.' In the 
British Museum there is a specimen of Pileopsis crystallina * in 
situ ' on the ray of a starfish, (c) On the brittle starfishes {Ophiu- 
roidea) occur several species^of Stiliferina . (rf) E chinoidea, Vari- 
ous species of S Hlifer occxir on the ventral spines of echinoids, 

^ Described as a Cypracan but no doubt an Ovula or PedicutarUi: CB. BaJct, 
Par. V. p. 643. 

* Von Grafl’, Z. wiss. Zool. xxv. p. 124. 

3 Proc. Amer. Phil. Soc. xxv. p. 231. 

^ Ergch. naturio. Forsch. CeyloUn abstr. in Journ. Boy. Micr. Soc. (2) vi. p. 412. 

® fToyagc of the Samarongn Moll. p. 69, PI. xi. f, 1 ; p. 47, Pl» xvii. f. 6. 
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where they probably subsist on the excreta, and are sometimes 
found imbedded in the spines themselves. St. Turtoni occurs on 
the British coasts on several species of Echinus, and Montacuta 
substriata frequents Spatangus purpureus and certain species of 
Echinocardium, Cidaris, and Brissus.^ Lepton parasiticum has 
been described from Kerguelen I. on a Hemiaster , and a new 
genus, Rohillardia, has recently been established ^ for a Hyalinia- 
shaped shell, parasitic on an Echinus from Mauritius, (e) Solo- 
thurioidea. The ‘ sea-cucumbers ' afford lodgment to a variety 
of curious forms, some of which have experienced such modi- 
fications that their generic position is by no means established. 
Entoconcha occ urs fixed by its buccal end to the blood-vessels 
of certain Synapta in the Mediterra nean and the Philippines. 
Entocolax has been dredged from 180 fath. in Behring's Straits, 
attached by its head to certain anterior muscles of a Myriotro- 
chus? A curious case of parasitism is described by Voeltzkow ^ 
as occurring on a Synapta found between tide-marks on the L of 
Zanzibar. In the oesophagus of the Synapta was found a small 
bivalve {Entovcdva), the animal of which was very large for its 
shell, and almost entirely enveloped the valves by its mantle. 
As many as five specimens occurred on a single Synapta. In 
the gut of the same Holothurian lived a small univalve, not 
creeping freely, but fixed to a portion of the stomach wall by a 
very long proboscis which pierced through it into the body 
cavity. This proboscis was nearly three times as long as the 
animal, and the forward portion of it was set with sharp thorns, 
no doubt in order to enable it to retain its hold and resist 
evacuatio n^ Variou s s pec ies oL-EulJjnar- ^vA.v(^. hp^^n^VpH in 

every part of the world, from Norway to the Philippine^ both 
inside and outside Holothurians. ^* Stilifer also occurs on this 
section of Echinoderms.^ 

On Annelida.-^ CoMwlepafi para siticus has been noticed under 
the scales of Acoetes lupina (a kind of ' sea-mouse ') in Charleston 
Harbour.® 

On Crustacea. — A mussel, f in. long, has been found ^ living 

^ E. A. Smith, Ann. Mag. Nat. Hist. (6) iii. p. 270. 

* Joum. de Comh. (3) xxix. p. 101. « Zool. Jahrh. Ahth. f. Syst. v. p. 619. 

^ See especially Semper, Animal Life, Ed. 1, p. 351. 

* Gould, Moll, of U.S. expl. exped. 1862, p. 207 {St. acicula, from Fiji). 

® Stimpson, Proc. Lost. Soc. N. U. vi. 1858, p. 308. 

^ Pidgeon, Nature, xxxix. p. 127. 
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Fig. 30. 


galeatus Swains., 
Panama. 


under the carapace of the common shore-crab {Carcinus maenas), 

and one case has been noticed ^ where two mussels, one of several 

months growth, the other smaller, well secured 

by their byssi, were found under the abdomen 

of the same species, in such a position as to 

force the appendages apart and askew. These, 

however, are not so much cases of parasitism 

as of involuntary habitat, the mussel no doubt 

having become involved in the branchiae and 

the abdomen of the crab in the larval form. 

On Mollusca, — A species of Odostomia 

{pallida Mont.) is found on oiu' own^oasts on 

the ‘ ears ' of Pecten m aximu s^ and also ^ on the 

operculum of T urritella Another 

spec ies (0. rissoides^ fre que ntly occurs i n hiding 

onyx Sowb., para- und er beds of mussels, but it is not_ clear 
sitic on the oper- habitat is due to parasit ism, or 

simply to the fact t hat the mas s of musse ls, 
knitted-together and- to the rock by t he byssi, 
affords the ^ Odostomia a safe lurking rt^dace. At Panama the 
present writer found Cre'pidula (^ 2 sp.) plentiful on the opercula 
of the great Stromhus galea and of Cerithium irroratunu In 
each case the parasite exactly fitted the size of the operculum, and 
had assumed its colour, b rown or ches tnut.. Anuilthea is 

very commonly found on Coniis, Turbo, and other large shells 
from the South Pacific, but this is probably not a case of 
parasitism, but simply of convenience of habitat, just as young 
oysters are frequently seen on the carapace and even on the 
legs of large crabs. 

On Tunicata. — Lamellaria deposits its eggs and lives on an 
Ascidian {Leptoclinum), and the common Modiolaria marmorata 
lives in colonies imbedded in the test of Ascidia mentula and 
other simple Ascidians. 

Special points of interest with regard to parasitic Mollusca 
relate to (1) Colour, This is in most cases absent, the shell 
being of a uniform hyaline or milky white. This may be due, 
in the case of the endo-parasitic forms, to absence of light, and 
possibly, in those living outside their host, to some deficiency 


' W. Anderson Smith, AocA Cretan, p. 46. 
* Smart, JounuU of Condi., v. p. 152. 
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in the nutritive material. A colourless shell is not necessarily 
protective, for though a transparent shell might evade detection, 
a milk-white hue would probably be conspicuous. (2) Modifica- 
tions of structure. These ai:e in many cases considerable. Ento- 
concha and Entocolax have no respiratory or circulatory organs, 
and no known nervous system ; lliyca 
and certain Stilifer possess a curious 
suctorial apparatus ; the foot in many 
cases has aborted, since the necessity 
for locomotion is reduced to a minimum, 
and its place is supplied by an enormous 
development of the prolx)Scis, whi'ch en- 
ables the creature to provide itself with 
nutriment without shifting its position. 

K. Semper notices a case where a Eulivia, 



whose habitat is the stomacli of a Holo- 
thurian, retains the foot unmodified, while 
a species occurring on the outer skin, 
but provided witli a long proboscis, has 
lost its foot altogether.^ Special pro- 
vision for holding on is noticed in cer- 


Fio. 31. — Two species of Eu- 
lima : A is sessile on the 
skin of a Holothiirian, 
through whicli it plunges 
its sucking ))roboscis {Pr ) ; 
B creeps freely in tlie 
stomach of a Holothurian. 
(After K. Semper. ) 


tain cases, reminding us of similar provision in liuman para- 
sites. Eyes are frequently, but not always wanting, even in 
endo- parasitic forms. A specially interesting modification of 


structure occurs in (3) the Radula or ribbon-shaped arrangement 
of the teeth. In most cases of parasitism {Eulima, Stilifer, 
Odostomia, Entoconcha, Entocolax, Magilus, Corallio})hila, Lepto- 
conchd) it is absent altogether. In Ovula and Pedicular ia, genera 
which are in all other respects closely allied to Cypraea, the 
radula exhibits marked differences from the typical radula of 
the Cypraeidae. The formula (3T*3) remains the same, but the 
laterals are greatly produced and become fimbriated, sometimes 


at the extremity only, sometimes along the whole length. A 
very similar modification occurs in the radula of Sistrum spectrum 
Reeve, a species which is known to live parasitically on one of 
the branching corals. Here the laterals differ from those of 


the typical Purpuridae in being very long and curved at the 
extremity. The general effect of tliese modifications appears to 
be the production of a radula rather of the type of the vegetable- 


^ Animal Life, p. 351. 
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feeding Trochidae, which may perhaps be regarded as a link in 
the chain of gradually degraded forms which eventually termi- 
nate in the absence of the organ altogether. The softer the 
food, the less necessity there is for strong teeth to tear it ; the 
teeth either become smaller and more numerous, or else longer 
and more slender, and eventually pass away altogether. It is 
curious, however, that the same modified form of radula should 
appear in species of Ovula (e.g. ovum) and that the same absence 
of radula should occur in species of Eulima (e.g. polita) known 
to be not parasitic. This fact perhaps points back to a time 
when the ancestral forms of each group are parasitic and whose 
radulae were modified or wa'nting, the modification or absence 
of that organ being continued in some of their non-parasitical 
descendants. 

Commensalism 


Mollusca are concerned in several interesting cases of com- 
mensalism, or the habitual association of two organisms, as dis- 
tinguished from parasitism, where one form preys more or less 
upon the other. 

Mr. J. T. Marshall has given ^ an interesting account of the 
association of Montacuta ferruginosa with Echinocardium cor- 
datum. The Echinoderm lives in muddy sand in Torbay, at a 
depth of about 6 inches, and the Montacuta lives in a burrow 
leading from its ventral end and running irregularly in a sloping 
direction for 3 or 4 inches, the burrow, which is made by a 
current from the Echinoderm, being almost exactly the width of 
the Montacuta, The Montacuta were always arranged in the 
burrows in order of size, the largest being close to the Echinoderm, 
and the smallest of a string of about six at the other end of the 
burrow. In another part of S. Devon, where the sand was soft 
and sloppy, the Echinocardia rise to the surface and travel 
along the sand ; in this case the Montacuta were attached to 
their host by means of a byssus, and were dragged along as it 
travelled. 

The Kev. Dr. Norman has noted * a somewhat similar habitat 
for Lepton squamosum. This rare little British species was found 
at Salcombe, living in the burrows of Gehia stellata, in all prob- 
ability feeding upon the secretions from the body of the crustacean. 


* JofUTU. of CoTtch. vi. 1891, p, 399, 


Ann. Mag. N. II. (6) vii. p. 276. 
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Dr. Norman suggests that the extreme flatness of the sliell of the 
Lepton is of great advantage in enabling it not to get in the way 
of the Gebia as he scuttles up and down his buri'ow. Another 
species of Lepton is found on the coast of Florida in a precisely 
similar locality/ while a third species, occurring on the Oregon 
and California coasts, actually attaches itself to the inner surface 
of the abdomen of a Gebia? 

A very singular case of commensalism has been recently dis- 
covered with regard to a genus of Australian bivalve shells, 
Ephippodonta. This genus is never found except in the burrow 
of a species of prawn (Axius plectorhynchus Str.). For some 
reason at present unexplained, tbe burrow of this particular 
prawn appears to be exceedingly popular as a habitat for certain 
bivalves, for, besides two species of Ephippodonta, a Kellia and 



Fio. 32. — Ephippodonta Mac- 
dougalli Tate, S. Australia. 
A, burrow of prawn, the x 
indicating the position of the 
mollusc ; sp^ sponge. B, 
Ventral view of Ephippo- 
donia ; by, byssus ; /, foot ; 
m, mantle ; mm, fused mantle 
borders. C, View of interior 
of shells ; h, hinge ; m'm\ 
adductor muscles. (A X i ; 
B and C x 2. ) 


three Mylitta are found there, and there alone. Sometimes the 
prawn, when the rock is hard, builds a tunnel of mud upon it, 
at other times it excavates the soft calciferous sandstone. ‘‘ This 
burrow is lined with a tenacious brown mud, composed of excre- 
mentitious matter ; and, in addition to the mud lining, there is 
always more or less present an orange-coloured sponge which I 
have never found elsewhere. Upon the mud or sponge, and 
adhering very closely, are found the Ephippodonta. They quickly 
foim a pit -like depression by means of their foot, and appear 
almost covered by the mud.” l)uring the winter months (March— 

’ Stimpson, quoted by Jeffreys, Brit. Conch. ,ii. 194. 

= Stimpsou, Joiim. Bust. Soc. N. 11. vi. 1857, p. 48. 
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July) the prawn appears to fill his burrow, possibly as a 
provision against stormy weather, with large quantities of minced 
seaweed, underneath which immense numbers of very young 
Ephippodonta are found livingJ The extreme flatness of the 
Ephippodonta must be due to the same cause as the flatness of 
the Lepton noticed above, namely, the necessity of not impeding 
or interfering with the lively motions of the prawn. In the case 
of Lepton the two valves close completely and the shell is still 
very flat, in Ephippodonta, on the other hand, the same result 
is produced by the valves being opened to their widest possible 
extent. As in Entovalva, a continuation of the mantle covers 
the outer surface of the shell. 

Variation 

It is a familiar experience to the student, not only of the 
Mollusca, but of every branch of animal or vegetable life, to 
come across examples which exhibit certain slight deviations 
from the type form as usually imderstood. These deviations 
may be more or less pronounced, but, as a rule, a series of forms 
can be discovered, gradually leading up to or down from the 
type. The definition of what constitutes a species, — and, stiU 
more, the rigid application of such definition — will always 
remain a difficult task, so long as the personal element persists 
in him who defines.^ What seems to one authority ample 
ground for distinction of species, another may regard as of 
comparatively trivial importance. The practical outcome of 
these divergent views is sufficiently illustrated by the attitude 
of Mr. F. P. Marrat on the one hand, and of what may be called 
the modem French school of conchologists on the other. Mr. 
Marrat holds, or held, that the great genus Nassa, of which more 
than 150 species are generally recognised, is one shell (species) 
in an endless variety of forms. The modern French school go to 
the other extreme, and apparently proceed upon the view that 
almost any difference in form, however slight, is sufficient to con- 
stitute a separate species. 

It will be generally admitted, liowever, that some structural 

1 E. H. Mattlicws, CcnOiologist, ii. p. 144. 

2 Thus Limiiaca involuta, which is almost universally regarded as a good and 
distinct species, ha.s been held to be no more than a variety of L, pcrc</i'a producea 
by locality ; see Zoologist , 1889, p. 154. 
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dxffereme in the organisation of the animal (as distinct from that 
of the shell alone) is necessary for the permanent constitution of 
sj^ific rank.i What amount of structural difference is required, 
what particular organ or organs must exhibit this difference will 
depend largely upon the idiosyncrasy of the observer. But if 
this, or something like this definition of a species be accepted 

so-called ‘ variety ’ will be a form which 
exhibits differences from the type which do not amount to per- 
manent structural differences in the organisation of the animal 
The final court of appeal as to what affords sufficient evidence for 
permanent structural differences’ will have to be, as with 
Aristotle of old, the judgment of the educated man. 

purpose to discuss the 
■ ^ ^ variation than to lay down definitions of what variation 

IS. One of the most obvious causes of variation lies in a change 

or changes in the environment. If we may assume, for the 

Xthe ! extremes, and that this form is the resultant of 

a the varied forces brought to bear upon it, whether of food 

climate, temperature, competition of numbers, soil, light amount 
of water, etc. it will follow that any change in o;e Vr “of 

wo?^ Tlhe considerable, any change, in other 

ords, of the environment, will produce its effect upon the 

organism m question. And this effect will be for the better or 

or ^ e worse, according to the particular nature of the change 

men! T optimum of envirol 

ment for the species concerned. Hence may be produced varieties 

more or less marked according to the gravity of the eh ’ 

..though it „,„,t be noted th.* at ttaef . app^Tj 

imiraportant from our point of view, will produce very marked 
results upon the species. It is indeed scarcely possible to pS 

specif of any given Inge in its slLSl" “ 

produce Variattom"*' “ ““ toodiug to 

oasi t-ihf 

J. W. Taylor, Joum. of Conch v n 9 «q • 4 . 

useful references. ‘ interesting article, with many 
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stunted than in the western.^ For instance, Mytilus edvlis near 
Kiel is 8-9 cm. long, while near Gothland it only attains a 
length of 3-4 cm. Mollusca living at only a shallow depth (e.g. 
Tellina hcdthica, Mya arenaria, Cardium edule) do not differ 
much in size in different parts of the Baltic, but in the far 
eastern basin the calcareous layers of the shells of Mya arenaria 
and Tellina halthica are extraordinarily thin, and disappear very 
rapidly after death, leaving only the cuticular membrane, still 
united by the ligament, in a perfect state of preservation. These 
remarkable variations are no doubt to a large extent due to the 
violent changes of temperature which are experienced in the 
Baltic, and by which the steady development of the animals in 
question is interrupted and thrown out of gear. The same species 
occur on the coasts of Greenland and Iceland, where they attain 
a considerably larger size than in the Baltic, in spite of the lower 
mean temperature, probably because their development is not 
interrupted by any sudden change from cold to heat or vice 
versd. 

Karl Semper has shown that Limnaea stagnalis is developed, 
lives and feeds best in a mean temperature of about 20° C. 

( = 68° F.). This mean, however, must not be the mean of two 
distant extremes, for the Limnaea cannot digest its food and 
grow in a temperature which is less than 14° or 15° C. ( = 57° or 
59° F.), or more than 30° to 32° C. ( = 86° to 90° F.). In certain 
localities, therefore, the interruption to the growth of this species 
must be serious and prolonged, and may tend towards the pro- 
duction of more or less dwarfed varieties. Thus specimens from 
Malham Tarn, a lake in Yorkshire 1250 feet above the sea, are 
permanently dwarfed, and have a very thin and fragile shell 
Limnaea peregra in the Pyrenees, Alps, and Himalayas is 
generally of a very delicate form and dwarfed habit, while the 
small variety known as lacnstris occurs, according to Jeffreys, 
only in mountain lakes in Zetland, Scotland, Ireland, and N. 
England. Specimens brought by Mr. Bateson from lakes near 
the Sea of Axal, which are salt for some months and comparatively 
fresh for others, exhibit clearly the effect of changes in the 
environment (Figs. 33 and 34). Excess of heat produces similar 
results to excess of cold. L. peregra var. thermcdis^ found in the 
warm springs of the Pyrenees and the Vosges, and the var. 

^ Mobias, Report on * Pommerania' Exped, pp. 138-141. 
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geisericola^ from tlie hot water of the Iceland geysers are alike 
thin and dwarfed forms. 

Many instances may be given of ‘ varieties due to locality.’ 
In some of these, the Ciiuse which predisposes towards variation 
can be inferred with some approach to certainty, in others we 
must be content to note the fact, without at present being able 
to perceive its explanation. 

Desert specimens of widely distributed species, e.g. Helix 
povfidticiy H, TiicicTisiSj H. piscufiUy LeucocliToct ccLudidissiynci are 
much thicker than the type, and tend to lose all trace of 
coloured bands. These modifications are clearly the means of 
preventing evaporation of moisture, the dull white or grayish 



Fig. 33. — Four examples of Lim- 
naea peregra Mull,, from salt 
marshes near the Sea of Aral, 

showingdifferent effects produced 

by abnormal conditions of life. 




Fig. 34. — Four examples of Lim- 
7mea stagiialis L., from marshes 
in the Aral district which are salt 
for several months in the year, 
illustrating variation produced by 
changes in the environment, x 


brown colour being calculated to absorb the smallest possible 
amount of heat. Desert shells in aU parts of the world {e.g. K 

Africa, Arabia, Central Asia, S. Africa, W. America) have been 
noticed to exhibit these peculiarities. 

A very singular case of the reverse process, i.e. the production 
of darkened forms of shell through cold, has been noticed by 
Fischer as characteristic of the marine shells of the west coast 
of South America.^ This melanism is especially noticeable 
in Trochus, Tuvho, Chiton, Mitra, and Pleurotoina, and is attested 
by the specific names, not merely expressive of actual blackness 
(e.g. nigcrrimus, ater, atramentarim, maurus), but also of a 
generally lugubrious tone (e.g. moestus, funebralis, tristis, lugubris, 
Iwtuosus). It is highly probable that this concurrence of 
specific melanism (which stands quite alone in the world) is 

^ Joum, de CoTichyl. xxiii. 1875, p. 105. 
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due to the cold polar current which impinges on the Chilian 

coaste, for tlie same genera occur on the opposite sliores of the 

continent without exhibiting any trace whatever of this mournful 
characteristic. 

It is a well-known fact, attested by many observers, that our 
common Zimax agrestis as well as the young of Arion ater 
become decidedly darker in summer than in winter. If these 
slugs were accustomed to disport themselves in the sun, it might 
have been suggested that this increased darkness of colour 
tended to absorb more of the heat rays. But since this is not 
the case, the result is probably due to some unexplained effect of 
higher temperature. According to Lessona and Pollonera, the 
length of the keel in Limax arborum varies greatly in different 
parts of Italy, being shorter in specimens from low ground, but 
much longer in those inhabiting more elevated regions. The 
longer the keel, the more obscure the colouring becomes, so that 
in the Upper Alps of Piedmont individuals are practically black. 
Koebuck has observed that Scottish specimens of this same 
slug are much darker and less translucent than English forms. 
According to Simroth, our common black slug. Avion atev, is a 
northern type, which in more southern latitudes assumes the 
form known as A, rufus. Similarly Limax maximus "in its 
northern form cinereo-niger is almost wholly black, but in 
the more genial climate of Italy develops a series of brilliantly 
coloured and strikingly marked variations which have received 
numerous distinctive names from Italian limacologists.” ^ Ac- 
cording to Scharff, however ^ (who regards the colours of slugs 
as in the main protective), these dark forms are by no means 
exclusively northern, being found equally on the parched plains 
of Spain and Portugal, and in the bleak climate of Norway. The 
same authority observes that similar forms occur both in the dry 

regions of E. Germany, and in the very humid district of western 
Ireland. 

It appears imquestionable that marine genera from high 
nr^Hhern latitudes are provided with shells of uniform colour, or 
wnitish with a pale brown epidermis ; spots, bands, or stripes 
seldom occur. The arctic forms of Bvxcinum, Trophon, Chryso- 
domus, Margarita, Crendla, Leda, Yoldia, Astarte illustrate this 
fact. In the more temperate seas of Europe, colours tend on the 

^ J. W. Taylor, ut sup. p. 300. * Sci. Trans. R, Ihibl, Soe. (2) iv. p. 655. 
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whole to increase, although there are certain genera (e.g. Pectcn) 
which are not more brightly coloured in Mediterranean than in 
Icelandic waters. 

Land Mollusca inhabiting the mainland of a continent not 
unfrequently become smaller when they have spread to adjacent 
islands where perhaps the rainfall is less abundant or the soil 
and food-supply less nicely adjusted to their wants. Orthalicus 
undatus is decidedly larger on the mainland of S. America than 
on the adjacent islands of Trinidad and Grenada. Specimens 
of Bulimulus exilis from Barbados are invariably broader and 
more obese than those from S. Thomas, while those from the 
volcanic island of S. Lucia, where lime is deficient, are small and 
very slender. Streptaxis deformis, as occurring at Trinidad, is 
only half the size of specimens from Georgetown, Demerara.^ 

Certain localities appear, for some unexplained reason, to be 
particularly favourable to the production of albino varieties. The 
neighbourhood of Lewes, in Sussex, has produced no fewer than 
fourteen of these forms of land Mollusca and five of fresh water.^ 

Our common Helix aspersa, as found near Bristol, is said to 
be ‘ dark coloured ' ; about Weston-super-mare brown, with black 
markings ’ ; near Bath ' very pale and much mottled * ; at Cheddar 
* very solid and large.’ ^ Sometimes the s<ime kind of variation 
is exhibited by different species in the same locality. Thus 
specimens of H. aspersa, H nemoralis, and H. hortensis, taken 
from the same bank at Torquay, presented a straw-coloured tinge 
of ground colour, with red-brown bands or markings. Trochi- 
form H, nemoralis and H, arhustorum, sinistral II. hortensis and 
IL aspersa, sinistral II. aspersa and H. virgata, and similarly 

banded forms of II. caper ata and H. virgata^ have been taken 
together."* 

The immediate neighbourhood of the sea appears frequently 
to have the effect of dwarfing land Mollusca. Thus the var. 
conoidea of Helix aspersa, which is small, conical, with a com- 
pressed mouth, occurs ‘on sandhills and cliffs at the seaside.’ 
The varieties conica and nana of Helix hispida are found ‘ near 
the sea.’ Helix virgata is exceedingly small in similar localities, 
and tends to become unicoloured. H. caperata var. Gigaxii, a 

' J. S. Gibbons, Joum. of Conch, ii. p. 129. 

• C. H. Morris, ibid. vii. p. 191. F. M. Hole, ibid. iv. p. 93. 

* T. D. A. Cockerell, Science Gossip, 1887, p. 67. 
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small depressed form, occurs at 'Sandwich and Falmouth.'^ 

Sometimes, however, the exact opposite is the case, for H, 

nemoralis var. major, which is 'much larger' than the type, 

occurs on ' sandhills and downs ' and is ' remarkably large in the 

I. of Arran, Co. Galway.' The dwarf form of Limnaea peregra 

known as maritima appears to be confined to the neighbourhood 
of the sea. 

Dwarfing of the shell seems frequently to be the result of an 
elevated locality, not perhaps so much as the direct consequence 
of purer air and less barometric pressure, as of changes in the 
character of the food supply and in the humidity of the air. 
Several species of Helix have a variety minor which is charac- 
teristic of an Alpine habitat. Helix arhustorum var. alpestris, 
which is scarcely two-thirds the size of the type, occurs on the 
Swiss Alps in the region of perpetual snow. Sometimes a very 
slight elevation is sufficient to produce the dwarfed form. At 
Tenby the type form of Helix pisana is scattered in countless 
numbers over the sandhills just above high-water mark. At the 
extreme western end of these sandhills rises abruptly to a 
height of over 100 feet the promontory known as Giltar Head, 
the vegetation of which is entirely distinct from that of the 
burrows below. There is a colony of H pisana at the end of 
Giltar, all of which are devoid of the characteristic markings of 
the typical form, and most are dwarfed and stunted in growth. 

Occasionally the same variety will be found to be produced 
by surroundings of very different nature. Thus the var. cdpestris 
of H arhustorum mentioned above, besides being characteristic 
of high Alpine localities, also occurs abundantly in low marshes 
at Hoddesdon on the River Lea. Helix pulchella var. costata, ac- 
cording to Jeffreys, is found in dry and sandy places, often imder 
loose stones and bricks on walls, while other authorities have 
noticed it in wet and dry localities quite indifferently. 

Sometimes the production of a variety may be traced to the 
intrusion of some other organism. According to Brot, nine- 
tenths of the Limnaea peregra inhabiting a certain pond near 
Greneva, were, during ' one season, afflicted with a malformation 
of the base of the columella. This deformity coincided with the 
appearance, in the same waters, of extraordinary numbers of 
Hydra viridis. The next season, when the Hydra disappeared, 

* J. G, Jeffreys, British Conchology, vol. i. p. 214. 
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the next generation of Limnaea was found to have resumed its 
normal form. 

It has been noticed that a form of Helix capexata with a 
flattened spire and wide umbilicus is restricted to tilled fields, 
especially the borders of clover fields, while a form with a more 
elevated spire and more compact whorls occurs exclusively in 
open downs and uncultivated places. The Eev. S. S. Pearce 
accounts ^ for this divergence by the explanation that the flatter 
spire enables the shell of the fields to creep about more easily 
under the leaves or matted weeds, seldom requiring to crawl up 
a stalk or stem, while on the short turf of the downs and 
pastures the smaller and more rounded shell enables the animal 
to manoeuvre in and out of the blades of grass, and even to 
crawl up them with considerable activity. The same writer 
endeavours to explain the causes which regulate the distribution 
of H. caperata var. ornata. He found that this variety (dark 
bands on a white ground) occurred almost exclusively on downs 
which were fed upon by sheep, associated with the common or 
mottled form, while the latter form alone occurred in localities 
where sheep were not accustomed to feed. Assuming then, as 
is probably the case, that sheep, in the course of their close 
pasturing, devour many small snails, he believes that individuals 
of the more conspicuous form ornata were more likely to be 
noticed, and therefore avoided, by the sheep, than the mottled 
form, which would more easily escape their observation. Hence 
the var. ornata is due to the advantage which strikingly coloured 
individuals obtained owing to their conspicuous habit, as com- 
pared with the typical form, which would be less readily 
detected. 

(h) Changes in Soil, Station, Character of Water, etc. A de- 

ficiency of lime in the composition of the soil of any particular 
locality produces very marked effects upon the shells of the 
Mollusca which inhabit it ; they become small and very thin, 
occasionally almost transparent. The well-known var. tenuis of 
Helix aspersa occurs on downs in the Channel Islands where 
calcareous material is scarce. For similar reasons, H. arhustorum 
develops a var. fusca, which is depressed, very thin, and trans- 
parent, at Scilly, and also at Lunna L, E. Zetland. 

The common dog-whelk {Purpura lapillus) of our own coeists 

^ Jonim, of Cmich, vi. p. 123 . 




Fio. 35. — 10 specimens of Purpura lapiUus L., Great Britain, illustrating? variation. 
(1) Felixstowe, sheltered coast; (2), (3) Newquay, on veined and colonre<I rock; (4), Berin, 
rather exposed ; (5), Solent, very sheltered ; (i5)^ I.arnrs En<l, exiMwed rocks, small foo<l •‘*'*1*0*^: 
(7) Scilly exiKJsed rocks, fair fo<xl supply; (8) St. Leonards, flat mussel beds at extreme low * 

(P) Rfibiii HcxmI's Hay. sheltere<l umler boulders, goo<l foml supply; (10) Rhoseollyn, on oyster l»ec , 
4-7 fath. (Macan.lrew); (11) Guernsey, rather exposed rocks ; (12) Estuary of Conway, 
tererJ, abundant fooil supply ; (13), (14) Robin IIoo<! s Bay, very exposed rocks, j>oor fo^l suPW 
(14) slightly nionslious ; (bO). (10), (17). Mortlu^, rather exjKised ro< ks but 

(18) .St. Brill** s Bii> ; (19) L. .Swilly, sheltered, but small food .sui»ply. All from the author s tollcc 
tion, except (10). 
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is an exceedingly variahle species, and in many cases tlio 
variations may be shown to bear a direct relation to the manner 
of life (Fig. 35). Forms occurring in very exposed situations, 
e.g. Land’s End, outer rocks of the Scilly Is., coasts of N. Devon 
and Yorkshire, are stunted, with a sliort spire and relatively 
large mouth, the latter being developed in order to increase the 
power of adherence to the rock and consequently of resistance 
to wave force. On the other hand, shells occurring in sheltered 
situations, estuaries, narrow straits, or even on open coasts where 
there is plenty of shelter from the waves, are comparativ'ely of 
great size, with a well-developed, sometimes produced spire, and 
a mouth small in proportion to the area of shell surface. In the 


accompanying figure, the specimens from the Conway estuary and 
the Solent (12, 5) well illustrate this latter form of shell, while that 
fioni exposed rocks is illustrated by the sjiecimens from Robin 
Hoods Bay (13, 14). Had these specimens occurred alone, or had 
they been brought from some distant and unexplored region, 
they must inevitably have been described as two distinct species.' 

Mr. W. Bateson has made ^ some observations on the shells 
of Cardium edtde taken from a series of terraces on the border 



Fig. 


1 

36. — Valves 


of Cardium eduU from the four upper terraces of Shumish Kul, a dry 
salt lake adjacent to the Aral Sea. (After Bateson. ) 


of certain salt lakes which once formed a portion of the Sea of 
Aral. As these lakes gradually became dry, the water they 
contained became salter, and thus the successive layers of dead 
sheUs deposited on their borders form an interesting record of 
the progressive variation of this species under conditions which 
in onyespect at least, can be clearly appreciated. At the same 
tune the diminishing volume of water, and the increasing average 
temperature, would not be without their effect. It was found 


P- 474 , and Hyatt, P,-oc. Atner. Ass. Sc. xxix. p. 527. 
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that the principal changes were as follows : the thickness, and 
consequently the weight, of the shells became diminished, the 
size of the beaks was reduced, the shell became highly coloured, 
and diminished considerably in size, and the breadth of the shells 
increased in proportion to their length (Fig. 36). Shells of 
the same species of Cardium^ occurring in Lake Mareotis, were 
found to exhibit very similar variations as regards colour, size, 
shape, and thickness. 

Unio pictorum var. covipressa occurs near Norwich at two 
similar localities six or seven mil es distant from one another, 
under circumstances which tend to show that similar conditions 
have produced similar results. The form occurs where the river, 
by bending sharply in horse-shoe shape, causes the current to 
rush across to the opposite side and form an eddy near the bank 
on the outside of the bend. Just at the edge of the sharp 
current next the eddy the shells are found, the peculiar form 
being probably due to the current continually washing away the 
soft particles of mud and compelling the shell to elongate itself 
in order to keep partly buried at the bottom.^ 

The rivers Ouse and Foss, which unite just below York, are 
rivers of strikingly different character, the Ouse being deep, 
rapid, with a bare, stony bottom, and little vegetable growth, 
and receiving a good deal of drainage, while the Foss is shallow, 
slow, muddy, full of weeds and with very little drainage. In 
the Foss, fine specimens of A.nodonta anatina occur, lustrous, 
with beautifully rayed shells. A few yards off, in the Ouse, the 
same Species of Anodonta is dull brown in colour, its interior 
clouded, the beaks and epidermis often deeply eroded. Precisely 
the same contrast is shown in specimens of Unio tumidus, taken 
from the same rivers, Ouse specimens being also slightly curved 
in form. Just above Yearsley Lock in the Foss, Unio tumidus 
occurs, but always dwarfed and malformed, a result probably due 
to the effect of rapidly running water upon a species accustomed 
to live in still water.^ Simroth records the occurrence of remark- 
ably distorted varieties in two species of Aetheria which lived in 

swift falls of the Eiver Congo.^ 

A variety of Limnaea peregra with a short spire and rather 
strong, stoutly built shell occurs in Lakes Windermere, Derwent- 

* J. B. Bridgman, Quart. Journ. Cocnch. i. p. 70. 

2 W. C. Hey, Jount, of Conch, iii. p. 268. * Zool: Anz, xiii p. 002. 
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water, and Llyn-y-van-fach. It lives adhering to stones in places 
where there are very few weeds, its shape enabling it to with- 
stand the surf of these large lakes, to which the ordinary form 
would probably succumb.^ 

Scalariform specimens of JPlanorhis are said to occur most 
commonly in waters which are choked by vegetation, and it has 
been shown that this form of shell is able to make its way 
through masses of dense weed much more readily than specimens 
of normal shape. 

Continental authorities have long considered Limnaea peregra 
and L. ovata as two distinct species. Hazay, however, has 
succeeded in rearing specimens of so-called peregra from the ova 
of ovata, and so-called ovata from the ova of peregra, simply by 
placing one species in running water, and the other in still 
water. 

According to Mr. J. S. Gibbons ^ certain species of Littorina, 
in tropical and subtropical regions, are confined to water more 
or less brackish, being incapable of living in pime salt water. 

I have met,” says Mr. Gibbons, “ with three of these species, 
and in each case they have been distinguished from the truly 
marine species by the extreme (comparative) thinness of their 
shells, and by their colouring being richer and more varied ; 
they are also usually more elaborately marked. They are to be 
met with under three different conditions — (1) in harbours and 
bays where the water is salt with but a slight admixture of fresh 
water; (2) in mangrove swamps where salt and fresh water mix 
in pretty equal volume ; (3) on dry land, but near a marsh or 
the dry bed of one. 

L. intermedia Eeeve, a widely diffused E. African shell, 
attaches itself by a thin pellicle of dried mucus to grass growing 
by the margin of slightly brackish marshes near the coast, re- 
sembling in its mode of suspension the Old World Cyclostoma. 
I have found it in vast numbers in situations where, during the 
greater part of the year, it is exposed to the full glare of an 
almost vertical sun, its only source of moisture being a slight 
dew at night-time. The W. Indian L. angulifera Lam., and a 
beautifully coloured E. African species (? L. carinifera\ are found 
in mangrove swamps ; they are, however, less independent of salt 
water than the last.” 

' J. Madison, Jounu of Comh. v. p. 260. * Qiuirt. Joum. Conch, i. 339. 
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Mr. Gibbons goes on to note that brackish water species 
(although not so solid as truly marine species) tend to become 
more solid as the water they inhabit becomes less salt. This 
IS a curious fact, and the reverse of what one would expect. 
Specimens of L. intermedia on stakes at the mouth of the 
Lorenqo Marques Eiver, Delagoa Bay, are much smaller, darker, 
and more fragile, than those living on grass a few hundred 
yards away. L. angulifera is imusually solid and heavy at 
Puerto Plata (S. Domingo) among mangroves, where the water 
IS in a great measure fresh ; at Havana and at Colon, where it 
lives on stakes in water but slightly brackish, it is thinner and 
smaller and also darker coloured. 

(c) Changes in the Volume of Water, — It has long been known 
that the largest specimens, e.g, of Limnaea stagnalis and Anodonta 
anatina, only occurred in pieces of water of considerable size. 
Recent observation, however, has shown conclusively that the 
volume of water in which certain species live has a very close 
relation to the actual size of their shells, besides producing other 
effects. Limnaea megasoma, when kept in an aquarium of 
limited size, deposited eggs which hatched out ; this process was 
continued in the same aquarium for four generations in all, the 
form of the shell of the last generation having become such 
that an experienced conchologist gave it as his opinion that the 
first and last terms of the series could have no possible specific 
relation to one another. The size of the shell became greatly 
diminished, and in particular the spire became very slender.^ 

The same species being again kept in an aquarium under 
similar conditions, it was found that the third generation had a 
shell only four-sevenths the length of their great grandparents. 

It was noticed also that the sexual capacities of the animals 

changed as well The liver was greatly reduced, and the male 
organs were entirely lost.^ 

K. Semper conducted some well-known experiments bearing 
on this point. He separated * specimens of Limnaea stagnalis 
from the same mass of eggs as soon as they were hatched, and 
placed them simultaneously in bodies of water varying in volume 
from 100 to 2000 cubic centimetres. All the other conditions 
of life, and especially the food supply, were kept at the known 

^ Whitfield, Bull, Aiiur, Mua, N, H, i. p. 29. 

* Amer, Nat. xiv. p. 61. » Animal Life, Ed. 1, p. 160 f. 
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optimum. He found, in tlie result, that the size of the shell 
varied directly in proportion to the volume of the water in which 
it lived, and that this w^as the case, whether an individual speci- 
men was kept alone in a given quantity of water, or shared it 


with several others. At the close of 65 days the specimens 


raised in 100 cu])ic cm. of water were only 
6 mm. long, those in 250 cubic cm. were 
9 mm. long, tliose in GOO cubic cm. were 
12 mm. long, while those kept in 2000 
cubic cm. attained a length of 18 mm. 
(Fig. 37). 

An interesting effect of a sudden fall 
of temperature was noticed by Semper in 
connection with the above experiments. 



Fio. 37. — Four equally old 
shells of Limnaea stagna- 
lis^ hatched from the same 
mass of ova, but reared 
in different volumes of 


A^essels of unequal size, containing speci- 
mens of the Limnaeciy happened to stand 
before a window at a time when the tern- 


water : A in 100, B in 
250, C in 600, and D in 
2000 cubic centimetres. 
(After K. Semper.) 


perature suddenly fell to about 55° F. The sun, which shone 
through the window, warmed the water in the smaller vessels, 
but had no effect upon the temperature of the larger. The 
result was, that the Limnaea in 2000 cubic cm., which oufjht 

' O 

to have been 1 0 iiiiu. long wlien 2 5 days old, were scarcely 
longer, at the end of tliat period, than those which had lived in 
the smaller vessels, but whose water had been sufficiently warm. 


i 


CHAPTER IV 


USES OF SHELLS FOR MONEY, ORNAMENT, AND FOOD CULTIVATION 

OF THE OYSTER, MUSSEL, AND SNAIL SNAILS AS MEDICINE 

PRICES GIVEN FOR SHELLS 


(V' 


\ 1 KIHE employment of shells as a medium of exchange was 
j exceeding ly commo n amongst uncivilised tribes in all parts of 
{ the world, and has by no means yet become obsolete. One of 
/ the commonest species thus employed is the * money cowry ' 

, (Cj^prma raon^a. L.),^hich stands almost alone in being used 
.i-jjsntire, while nearly All the other forms of shell money are made 
out of portions of shells, thus requiring a certain amoimt of 
labour in the process of formation. ) 

One of the earliest mentions of the cowry as money occurs 
in an ancient Hindoo treatise on mathematics, written in the 
seventh century a.d.[| A question is propounded thus: 'the ^ of ^ 
of ^ of of ^ of ^ a dramma was given to a beggar by one from 
whom he asked an alms ; tell me how many cowry shells the miser 
gave.'^In British India about 4000 are said to have passed 
for a shilling, but the value appears to diflFer according to their 
condition, poor specimens being comparatively worthlesa {Accord - 
ing to Reeve ^ a gentleman residing at C uttack is 8aidJ ;o have paid 
for the erection of his bimgalow entirely in cowries.. The buildmg 
cost him 4000 Rs. sicca (about £400), and as 64 cowries = 1 pice, 
and 64 pice = 1 rupee sicca, he paid over 16,(K)0,000 cowries in alM 
Cowries are imported to England from India and other places 
for the pujq)oses of exportation to West Africa, to be exchanged 
for native producfsTy The trade, however, appears to be greatly 
on the decrease. At the port of Lagos, in 1870, 50,000 cwta 

of cowries were imported.^ 

^ 1 Conch, SysL iL p. 262 n, 

* P. L. Simmouds, Commercial Products of the Sea^ p. 278. 
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/} ^ 

N^usecl as money in certain 
pa^rts of the Soi^yacific. ) ^ sail^ISH^ imported into the 

China market is largely obtained from the New Hebrides beinc 

purchased of the natives in exchange for Ovulum angilosum 

which they especial y esteem as an ornament. Sometfmes, as 

in the Duke of \ ork group, the use of sliell money is specially 

Tlv Tn there 

only in the buying of swine. 

\Aniongr the tribes of the North-West coasts of America the 
common Dentahum xvdianorum used to form the standard of 
value until it was superseded, under the auspices of the Hudson’s 
Bay Company, by blankets. A slave was valued at a fathom of 
rom 25 to 40 of these shells, strung lengthwise. Inferior or 
I>roken specimens were strung together in a similar way but 
were less highly esteemed; they corresponded more to our 

\ The w^n^um k the eastern coast of North America diflered 
rom all these forms of sheU money, in that it required a laborious 
p we^ or Its manufacture. Wampum consisted of strin^^s of 
cyhndrical beads, each about a quarter of an inch in length and 

p pie the latter being the more valuable. Both were formed 
rom the common clam. Verms mercenaria, the valves of which 
are often stained with purple at the lower margins wtill the 
rest of the sheU is white. I Cut sniaU, ground down, and pierced 
these sheUs were converted into money, which appears to have 

MaLTo^Fl seaboard of North America from 

Maine to Florida, and on the Gulf Coast as far as Centra 

America, as well as among the inland tribes east of the 

wampum was made from the 

wampum with various , colours, and disposing toesi to 

e s in various forms- of arrangement, the Indians were able to 

preserve records, send messages, and keep account of any kind of 
event, treaty, or transaction. ^ nd ot 

Another common form of monev in r-.i.-r 

flicaja, strung together by rubbing (lotm XX X" 

shaped disks cut from Saxidomus araia and iLh 

crassatelloides, as well as ioblong pieces oLmiiotis ^ 

VOL. HI \ ummu lflay;e em- 
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« 

ployed for tlie same purpose\ when strung together in lengths of 
several yards. 

“ Tliere is a curious old custom,” writes Mr. W. Anderson 
Smith, ^ “ that used formerly to be in use in this locality [the 
western coast of Scotland], and no doubt was generally em- 
ployed along the seaboard, as the most simple and ready means 
of arrangement of bargains by a non-writing population. That 
was, when a bargain was made, each party to the transaction 
got one half of a bivalve shell — such as mussel, cockle, or oyster 
and when the bargain was implemented, the half that fitted 
exactly was delivei’ed up as a receipt ! Thus a man who had a 
box full of unfitted shells might be either a creditor or a debtor , 
but the box filled with fitted shells represented receipted accounts. 
Those who know the difficulty of fitting the valves of some classes 
of- bivalves will readily acknowledge the value of this arrangement. 

Shells are employed for use and for ornament by savage 
and even by civilised — tribes in all parts of the world. The 
S) natives oTTiji thread the large Turho argyrostoma and crenulatus 
^ V>'as weigl^ 'Tt" the edge of their nets, and also employ them as 
sinkers. A (Jypraea tigris cut into two halves and placed round 
a stone, with t\vo 6F three showy Oliva at the sides, is used as a 
bait for cuttles. Avicula margaritif era is cut into scrapers and 
knives by this and several other tribes)) Breast_ornam.e^s of 
Chama, grouped with Solarium 'persp ectmi and Teresa duf%- 
cata are common among the Fijians, who_also Tfiniinti « 

Off a baJiking of whales’ teeth sawn in two, for the same purpose. 
The great Orange Cowry {Cypraea auranttaca) is a 

badge of high rank among the chieftains. One of ^ e mos 
remarkable Fijian industries is the working of whales teeth to 
represent this cowry, as well as the commone ^g. talp a. which 

more easily imitated. , 

Among^ the Solomon islanders, cowries are used to ornament 

their shields on great field days, and split ^ Zf^’ere- 

to represent human teeth. Small buiic , „ , 

hellum_^uMatum are worn as_earrings, and ^ 

is employed- as a head ornament in the centrj 

fillet. The same islanders ornament the f 

canoes, as well as the inside of the stern-post, with a long row oi 





single Natica. 


^ Benderlochy p. 118. 
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The native Papuans, employ shells for an immense variety of 
purposes. Circ Lets for .the head are formed of rows of 
jibbosula, rubbed down till little but the mouth remains. 
Necklaces are worn which consist of strings of Oliva, young 
Avicula, Natica melanostoma, opercula of Turbo, and valves of 
a rich brown species of Cardium, pendent at the end of strings 
of the seeds known as Job’s tears. Struthiolaria is' rubbed 
down until nothing but the mouth is left, and worn in strings 
round the neck. This is remarkable, since Struthiolaria is not 
a native Papuan shell, and indeed occurs no nearer than New 
Zealand. Sections of Melo a re also worn as a breast ornament, 
dependent from a necklace of~ cornelian stones. Cypraea erosa 
is used to ornament drinking bowls, and Ovulum ovum is 
attached to the native drums, at the base of a bunch of casso- 
wary feathers, as well as being fastened to the handle of a 
sago-beater. 

In the same island, the great Turbo and Conus millepunvtatus 
are ground down to form bracelets, w hich are worn on the 
biceps. The crimson lip of Strombus luhuanus is cut into beads 
and perforated for necklaces- Village elders are distinguished 
by a single Ovulum verrucosum, worn in the centre of the fore- 
head. The thick Up of Cassis cornuta is ground down to form 
nose pieces, 4^ inches long. Fragments of a shell called Kaima 
(probably valves of a large Spondylus) are worn suspended from 
t^jiars^with little wisps of hair twisted up and thrust through 
a hole in the centre. For trumpets. Cassis cornuta, Triton 
1 tr%ton%s, and Ranella lampas are used, with a hole drilled as a 
mouthpiece in one of the upper whorls. Valves of Batissa 
Umo, and Myhlus are used as knives for peeling yams. Spoons 
for scooping the white from the cocoa-nut are madrfrom 
Avicula margaritifera. Mffo iUdema is used as a baler in the 

V, . Islands Melampus luteus is worn as a 

necklace, as well as in the Navigator Islanda A very striking 

Mc in the latter group, is formed of the a^ef^oT'a 

Nautilus, rujibed down to show the nacre. The New Zealanders 

the green opercula of a Turbo, a smaU species of Fenl? td 

to form the eyes of their idols. Fish-hooks are 
made throughout the Paci fic of the shd ls of^.^Jin(r 

‘ C. Hedley in J. P. Thomson^ Bril, iftw OuincU, p. 283. 
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Haliotis, and are socgygtimes strengthened by a backing made of 
the columella of Cypraea arahica. Sm|dl axe-heads are made 
from Terehra crenulata ground down (Woodlark L), and larger 
forms are fashioned from the giant Tridacna (Fiji). 

Shells are used to ornament the elaborate cloaks worn by the 
women of rank in the Indian tribes of South America. Speci- 
mens of ^myv JJjxxici, Or thalicus, L ahyrinthus, and Bulimulus 
dej^ncjjfcom^ bgj^ojjLiind bacjc..p^^^^ garments, while great 
Bulimi, 6 inches long, are worn as a breast ornament, and at the 
eud o f a stri ng of bead^_^^dJtfiBth.^ 

^ The chank-shell {Turlinella rapa) is of especial interest from 
its connexion with the religion of the Hindoos. The god 
Vishnu is represented as holding this shell in his hand, and the 
sinistral form of it, which is excessively rare, is regarded with 
extraordinary veneration. The chank appears as a symbol on 
the coins of some of the ancient Indian Empires, and is still 

retained on the coinage of the Rajah of Travancore. 

The chief fishery of the chank-shell is at Tuticorin, on the 
Gulf of Manaar, and is conducted during the N.E. monsoon, 
October-May. In 1885-86 as many as 332,000 specimens 
were obtained, the net amount realised being nearly Rs. 24,0 00. 
In former days the trade was much more lucrative, 4 or 5 
millions of specimens being frequently shipped. The govern- 
ment of Ceylon used to receive £4000 a year for licenses to 
fish, but now the trade is free. The shells are brought up by 
divers from 2 or 3 fathoms of water. In 1887 a sinistral 
specimen was found at Jaffna, which sold for Rs. /OO. Nearly 
all the shells are sent to Dacca, where they are sliced into 

^ bangles and anklets to be worn by the Hindoo women. 

c-.-^^rhaps the most important industry which deals only with 
rttie shells of MoUusca is that connected wi^he ' pearl-oyster.' 
The history of the trade forms a small lit«|^re in itself. It 
must be sufficient here to note that the sp^es in question is 
not an ' oyster,' properly so called, but an Avicula {margaritifera 
Lam.). The ' mother-of-pearl,' which is extensively employed 
for the inanufacture of buttons, studs, knife-handlesf fans, car^ - 
cases, brooches, boxes,’ and every kind of inlaid work, is the 

1 Most of the above facts are deiived from a study of a collection of native 
implements, weapons, ornaments, etc., in the Antiquarian Museum at am i © 

• Thurston, Notes an the Pearl aivd Chank FisTuries^ Madr&s, 1890. 
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internal nacreous laininae of the shell of this species. The most 
important fisheries are those of the Aru Islands, the Soo-loo 
Archipelago, the Persian Gulf, the Eed Sea, Queensland, and the 
Pearl Islands in the Pay of Panama. The shell also occurs in 
several of the groups of the South Pacific — the Paumotu, 
Gamhier and Navigator Islands, Tahiti being the centre of the 
trade — and also on the coasts of Lower California.^ 

. Pearls are the result of a disease in the animal of this species 
of Aoicula and probably in all other species within which they 
occur. When the Avicula is large, well formed, and- with 
ample space for individual development, pearls scarcely occur 
at aU, but when the shells are crowded together, and become 
humped and distorted, as well as afl'ording cover for all kinds of 
marine worms and j)arasitic creatures, then pearls are sure to be 
found. Pea^jd^ jii^fermr jyalu^ and size are also produced by 
Placuna placen ta, many species of Pinna, the great Tridacna, 
the common Ostvea cdnlis, and several other marine bivalves. 
They are not uncommon in Unio and Anodonta, and the common 
Margaritana margaritifera of oiu- rapid streams is still said to 
be collected, in some parts of Wales, for the purpose of ex- 
tracting its small ‘ seed-pearls.’ Pink pearls are obtained from 
the giant conch-shell of the West Indies (^Strombus gigas'), as 
well as from certain Turhinella. 

^ In Canton, many houses are illuminated almost entirely by 
skylights and windows made of shells, probably the semi- 
transparent valves of Placuna placenta. In China lime is 
commonly made of ground coSl^liells, and, when mixed with^ 
oil, forms an excellent putty, used for cementing coffins, and in 
forming a surface for the frescoes with which the gables of\ 
temples and private houses are adorned. Those who suffer from/ 
cutaneous diseases, and convalescents from small-pox, are washed j 
in Canton with the water In which cockles have been boiled.^ * 
A recent issue of the Peking Gazette contains a report from 
the outgoing Viceroy of Fukhien, stating that he had handed over 
the insignia of office to his successor, including inter alia the 
conch -shell bestowed by the Throne. A conch -shell with a 
whorl turning to the right, i.e. a sinistral specimen, is supposed 
when blown to have the effect of stilling the waves, and hence is 

Sec in particular, R. L Simnionds, The Commercial Products of the Sea. 

^ H. Friend, Field Cluh^ iv. 1893, p. 100. 
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and are s ometime s strengthened by a backing made of 
the columella of Cypraea ardbica. SiiiaJJ^axe-heads are made 
from Terehra crennlata ground down (Woodlark Lj, and larger 
forms are fashioned from the giant Tridacna (Fiji). 

Shells are used to ornament the elaborate cloaks worn by the 
women of rank in the Indian tribes of South America. Speci- 
mens of ^m 'pullari a. Orthalicus, L ahyrinthuSy and Bulimulus 
ependj Cr^^ b ottom and back ofjbt^j garments, while great 
Bulimi, 6 inches long, are worn as a breast ornament, and at the 
end o f a string of b eads ap 4 tee th.^ 

^^"The chank-sheli {Turhinella rapa) is of especial interest from 
its connexion with the religion of the Hindoos. The god 
Vishnu is represented as holding this shell in his hand, and the 
sinistral form of it, which is excessively rare, is regarded with 
extraordinary veneration. The chank appears as a symbol on 
the coins of some of the ancient Indian Empires, and is still 

retained on the coinage of the Kajah of Travancore. 

The chief fishery of the chank-sheli is at Tuticorin, on the 
Gulf of Manaar, and is conducted during the N.E. monsoon, 
October-May. In 1885-86 as many as 332,000 specimens 
were obtained, the net amount realised being nearly Ks. 24,0 00. 
In former days the trade was much more lucrative, 4 or 5 
millions of specimens being frequently shipped. The govern- 
ment of Ceylon used to receive £4000 a year for licenses to 
fish, but now the trade is free. The shells are brought up by 
divers from 2 or 3 fathoms of water. In 1887 a sinistral 
specimen was found at Jaffna, which sold for Us.? 00.^ Ne^ly 
all the shells are sent to Dacca, where they are sliced into 

/ bangles and anklets to be worn by the Hindoo women. 

^:«-^P6rhaps the most important industry which deals only with 
iTElieshells of Mollusca is that connected wi^^he "pearl-oyster.’ 
The history of the trade forms a small lit€®Jptre in itself. t 
must be sufficient here to note that the sp^es in question is 
not an " oyster,’ properly so called, but an Avicula {margaritifera 
Lam.). The " mother-of-pearl,’ which is extensively employ^ 
for the manufacture of buttons, studs, knife-hanffiefif . 

cases, brooches, boxes, and every kind of inlaid work, is the 

Most of tho above facts are derived from a study of a collection of native 
implements, weapons, ornaments, etc., in the Antiquarian Museum at Cambridge. 

ilu Pearl and Chank Fiaheriet, Madrid 1890. 
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internal nacreous laminae of the shell of this species. The most 
important fisheries are those of tlie Aru Islands, the Soo-loo 
Archipelago, the Persian Gulf, the Red Sea, Queensland, and the 
Pearl Islands in the Ray of Panama. The shell also occurs in 
several of the groups of the Soutli Pacific — the Paumotu, 
Gambier and Navigator Islands, Tahiti being the centre of the 
trade — and also on the coasts of Lower California.^ 

V Pearls are the result of a disease in the animal of this species 

of Avicula and probably in all other species within which they 
occur. When the Avicula is large, well formed, and- with 
ample space for individual development, pearls scarcely occur 
at all, but when the shells are crowded together, and become 
humped and distorted, as well as affording cover for all kinds of 
marine worms and parasitic creatm-es, then pearls are sure to be 
found. inferior_jyalu^ and size are also produced by 

PlacuTM ' placent a, many species of Pinna, the great Tridacna, 
the common Ostrea edulis, and several other marine bivalves. 
They are not uncommon in Unio and Anodonta, and the common 
Margaritana rnargaritifera of our rapid streams is still said to 
be collected, in some parts of W^ales, for the piupose of ex- 
tracting its small ‘ seed-pearls.’ Pink pearls are obtained from 

the giant concli-shell of the West Indies (^Strornbus gigas), as 
well as from certain Turhinella. 

^ In Canton, many houses are illuminated almost entirely by 
skylights and windows made of shells, probably the semi- 
transparent valves of Placuna placenta. In China lime is 
commonly made of ground coc^l^liells, and, when mixed with^ 
oil, forms an excellent putty, used for cementing coffins, and in 
forming a surface for the frescoes with which the gables of\ 
temples and private houses are adorned. Those who suffer from / 
cutaneous diseases, and convalescents from small-pox, are washed | 
in Canton with the water in which cockles have been boiled.* ' 
A recent issue of the Peking Gazette contains a report from 
the outgoing Viceroy of Fukhien, stating that he had handed over 
the insignia of office to his successor, including inter alia the 
conch -sheU bestowed by the Throne. A conch -shell with a 
w orl turning to the right, i.e. a sinistral specimen, is supposed 
when blown to have the effect of stilling the waves, and hence is 

Sco ill i>articiilar, 1'. L. Simiiiouds, The Commercial Products of the Sea. 

^ H. Friend, Field Cluh^ iv. 1893, p. 100. 
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bestowed by tlic Emperor upon high officers whose duties oblige 
them to Like voyages by sea. 'I'lie Viceroy of Fukhien probably 
possesses one of these shells in virtue of his jurisdiction over 
Formosa, to which island periodical visits are supposed to be 
made.^ 

Sliells appear to be used occasionally by other species besides 
man. Oyster-catchers at breeding time prepare a number of 
imitation nests in the gravel on the spit of land where they 
build, putting bits of white shell in them to represent eggs.^ 
This looks like a trick in order to conceal the position of the 
true nest. According to Nordenskjold, when the eider duck of 
Spitzbergen has only one or two eggs in its nest, it places a shell 
of Buccinum glcuciale beside them. The appropriation of old 
shells by hermit-crabs is a familiar sight all over the world. 
Perhaps it is most striking in the tropics, where it is really 
startling, at first experience, to meet — as I have done a large 
Cassis or Turbo, walking about in a wood or on a hill, side at 
considerable distances from the sea. A Gephyrean {Fhascolion 
strombi) habitually establishes itself in the discarded shells oi 
marine Mollusca. Certain Hymenoptera make use of dead shells 

which the y build their cell s.^ Magnus 
when heavy rains prevail, and the usual 
insects do not venture out, certain flowers are fertilised by snails 
and slugs crawling over them, e.g. Leucanthemurri vulgare by 


of Helix horte 

leves that in times 




— Probably there are few countries 


Limax laevis} 

Mollusca as Food for Man. 

in the world in which less use is made of the Mollusca as a form 

of food than in our own. There are scarcely ten native species 

whicTi can be said to be at all commonly employed for this 

purpose. Neighbouring countries show us an example this. 

respecL/^he French; ItaUans, and ^nish eat^^^^|^4jm 

among biva lves , Dov^^fVenus, [Liihodomus, 

* Tapi^, ojiabardita, as well as the smaller Cephalopo a. 

Under the general designation of clam the Americans eat 
mercenaria, Mya arenaria, and Mactra solidissima. In the Suez 
markets are exposed for sale Strombi^ and vtcu a 

and Cytherea. At Panama Bonax sin^ Solen are delicacies, whi e 


olas 


>/ 



^ Nature, xxxi. 1885, p. 492. 

* W. Ajiderson Smith, Beixderloch, |). 173. 

^ • Dominique, Feuttl. Nat. xviii.p. 22. - SB. Nat. Ft. Berl. 1889, p. 19/ 
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the natives also eat the grea t Murex an d Pyrula, and even the 
liuge Area grandis, lives embedded in the liquid river mud. 

The common littoral bivalves seem to be eaten in nearly all 
countries except our own, and it is therefore needless to enume- 
rate them. The Gasteropoda, whose habits are scarcely so 
cleanly, seem to require a bolder spirit and less delicate palate to 
venture on their consumption. 

The M^alays of the E ^st India n islands eat PclcscopiuTTfi 

%/% § /%^ ^ 13 a « aa a... A ^ ^ ± _. 1*1 1 “1 • . 


fus cvjn^ ^^ Pyxa zv s pa l ustris, which abound in the mangrove 

swamps . They throw 1b^m on their _wo .pd fires, and wh en they 

"are sufficiently cooked, break off t ' ^ ^ 

the animal out through the opening. Sal' iptis they 
the shelly string t rkrm TTT r\"v% ^ A - 1 


sue 


^the 


The lower classes 


we do mussels.! In the Corean island s a species of Monod onta 
and another of Mjjtilus are quite peppery, and bite the tongue ; 

^e/t'a; reoil aia^ as I can vouch from personal experience, 
^ similar ^ a vour ,^ Fusus colossem , Rapan a iezoar, and 


Purpura luteo stoma are eaten^ on the sodpi ern coasts of CEina ; ^ 

Stromhus luhuanus, Turlo clirysostomus, Ty ochus rdloticus^ 

Pat ella t^tvdh u Lrin., hy jhe na tives of Nea t Cale donia ; Stromhus 

gigas an d Livona pica in the West Indies: and 

Cojwholefas' p^via.'n.iar^'^ r.hrh^„ . 

Stromhus and Neritg. one each of , Puryura and Turhn ^ Kooi'rioo 
tw o Trxda^ and one Hippopus, by the natives of :^itish~New 
Guj^ /Wgstj[n dlan negro^ eat t he large Chitons which are 
abu ndant on their rocEy-coasts. cuttini? off and swallowing raw 
the fleshy foot, which they call ‘ beef,’ and rejecting the viscera. 
Dried cephalopoda are a favourite Chinese dish and are regu- 
larly exported to San Francisco, where the Chinamen make them 
into soup. The ‘ Challenger ’ obtained two species of Sepia and 
two of LoUqo from the market at Yokohama. 

The insipidity of fresh-water MoUusca renders them much 
less desirable as a form of food. Some species of Unionidae 
however, are said to be eaten in France. Arwdonta edulis is 
specially cultivated for food in certain districts of China, and 
e African Aetheriae are eaten by negroes. Navicella and 
mrthTM are eaten in Mauritius, Ampullaria and Neritina in 
Guadeloupe, and Paludina in Cambodia. 

A, Adams, Voyage qf the * Samarang^ ii. p. 308 . 
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The vast lieaps of empty shells known as ' kitchen-middens/ 
occur in almost every part of the world. They are found in 
Scotland, Denmark, tlie east and west coasts of North America, 
Brazil, Tierra del Fuego, Australia and New Zealand, and are 
sometimes several hundred yards in length. They are invariably 
composed of the edible shells of the adjacent coast, mixed with 
bones of Mammals, birds, and fish. From their great size, it 
is believed that many of them must have taken centimies to 
form. 

Pre-eminent among existing shell-fish industries stands the 
cultivation of the oyster and the mussel, a more detailed account 
of which may prove interesting. 

The cultivation of the oyster ^ as a luxury of food dates at 
least from the gastronomic age of Eome. Every one has heard 
of the epicure whosA ta^e~was so educated that 

“ he could tell 

At the first mouthful, if his oysters fed 
On the Rutupiaii or the Lucrine bed 
Or at Circeii.”^ 


The first artificial oyster-cul tivator on a large scale appears 
to have been a certain Koman named Sergius Grata, who lived 
about a century B.c. His object, according to Pliny the elder,^ 
was not to please his own appetite so muc h a s to makejnoney 
by ministering to the appetites of o thers. His vivaria were 
situated on the Lucrine Lake, near Baiae, and the Lucrine 
oysters obtained undm^^hi s cultivatira a notorietyi which they 
never entirely lost, although British oysters eventually came to 
be more highly esteemed. He must have been a great enthusiast 
in his trade, for on one occasion when he became involved in a 
law-suit with one of the riparian proprie^rs, his counsel declared 
that Grata's opponent made a great mistake if he expected to 
damp his ardour by expelling him from the lake, for, sooner 
than not grow oysters at all, he would grow them upon the roof 
of his house.^ Grata's successors in the business seem to have 
understood the secret of planting young oysters in new beds, for 

^ Much informatioQ has been derived, on this subject, from Bertram’s Harvest 
of the Sea, Simmonds’ CommerdaV Products of ilie Sca^ the publications of the 
Fisheries Exhibition, especially vol. xi. (Anson aud AVillett) ; see also Philpots, 

Oysters arid all about thevu 

* Juvenal, Sat. iv. 140-142. ^ Hist. Nat. ix* 79. * Nax. ix. I. 
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we are told that specimens brought from Brundisium and even 
from Britain were placed for a while in the Lucrine lake, to 
fatten after their long jouimey, and also to acquire the esteemed 
“ Lucrine flavour.” 

Oysters are ‘ in season ’ whenever there is an " r ’ in the 
month, in other words, from September to April. "^"Mensibus 
erratis,’ as the poet has it, ‘ vos ostrea manducatis ! ’ It has 
been computed that the quantity annually produced in Great 
B rita in amounts to no less than sixteen hundred million, while 
in America the number is estimated at five thousand five 
hundr^'^million, the value being over thirteen million dollars, 
and the number of persons employed fifty thousand. Arcachon, 
one of the principal French oyster-parks, has nearly 10,000 acres 
of oyster beds, the annual value being from eight to ten million 
francs; in 1884—85, 178,359,000 oysters were exported from this 
place alone. In the season 1889-90, 50,000 tons of oysters 
were consumed in London. 

Few will now be found to echo the poet Gay’s opinion : 

“ That man liad sure a palate covered o’er 
With brass or steel, that on the rocky shore 
First broke the oozy oyster’s pearly coat, 

And risq’d the livin" morsel down his throat.’’ 

There were halcyon days in England once, when oysters 
were to be procured at 8d. the bushel. Now it costs exactly 
that amount before a bushel, brought up the Thames, can even 
be exposed for sale at Billingsgate (4d. porterage, 4d. market 
toll), and prime Whitstable natives average from 3^d. to 4d. 
each. The principal causes of this rise in prices, apart from the 
increased demand, are (1) over-dredging, (2) ignorant cultiva- 
tion, and'to'TTTese'ml^^ be added (3) the effect of bad seasons in 
destroying young oysters, or preventing the spat from maturing. 
Our own principal beds are those at Whitstable, Kochester, 
Colchester, Milton (famous for its ' melting ’ natives), Faversham, 
Queenborough, Burnham, Poole, and Carlingford in Co. Down, 
and Newhaven, near Edinburgh. 

The oyster-farms at Whitstable, public and private, extend 
over an area of more than 27 square miles. The principal of 
these is a kind of joint-stock company, with no other privilege of 
entrance except birth as a free dredgeman of the town. When 
a holder dies, his interest dies with him. Twelve directors, 
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known as the J uiy manage the affiiirs of the company wliich 
finds employment for several tliousand people, and sometimes 
turns over as much as £200,000 a year. The term * Natives/ as 
applied to these Whitstable or to other English oysters, requires 
a word of explanation. A ‘ Native ’ oyster is simply an oyster 
which has been bred on or near the Thames estuary, but very 
probably it may be developed from a brood which came from 
Scotland or some other place at a distance. For some unexplained 
reason, oysters bred on the London clay acquire a greater delicacy 
of flavour than elsewhere. The company pay large sums for 
brood to stock their own grounds, since there can be no certainty 
that the spat from their own oysters will fall favourably, or even 
within their own domains at all. Besides purchases from other 
beds, the parks are largely stocked with small oysters picked up 
along the coast or dredged from grounds public to all, some- 
times as much as 50s. a bushel being paid for the best brood. 
It is probably this system of transplanting, combined with 
systematic working of the beds, which has made the Whitstable 
oyster so excellent both as to quality and quantity of flesh. 
The whole surface of the ' layings ' is explored every year by the 
dredge, successive portions of the ground being gone over in 
regular rotation, and every provision being made for the well- 
being of the crop, and the destruction of their enemies. For 
three days of every week the men dredge for ^ planting/ i,e, for 
the transference of suitable specimens from one place to another, 
the separation of adhering shells, the removal of odd valves and 
of every kind of refuse, and the killing off of dangerous foes. 
On the other three days they dredge for the market, taking care 
only to lift such a number as will match the demand. 

The Colne beds are natural beds, as opposed to the majority 
of the great working beds, which are artificial They are the 
property of the town of Colchester, which appoints a water- 
bailiff to manage the concern. Under his direction is a jury of 
twelve, who regulate the times of dredging, the price at which 
sales are to be made, and are generally responsible for the 
practical working of the trade. Here, and at Faversham, Queen- 
borough, Kochester, and other places, ^ natives ’ are grown which 
rival those of Whitstable. 

There can be no question, however, that the cultivation_oL 
oysters by the French is far more complete and efficient than 
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Our own, and has reached a higher degree of scientific perfection 
combined with economy and solid profits. And yet, between 
40 and 50 years ago, the French beds were utterly exhausted 
and unproductive, and showed every sign of failure and decay. 
It was in 1858 that the celebrated beds on the He de E4, near 
Rochelle, were first started. Their originator was a certain 
shrewd stone-mason, by name Boeuf. He determined to try, 
entirely on his own account, whether oysters could not be made 
to gi’ow on the long muddy fore-shore which is left by the ebb 
of the tide. Accordingly, he constructed with his own hands a 
small basin enclosed by a low wall, and placed at the bottom a 
number of stones picked out of the surrounding mud, stocking 
his ' pare * with a few bushels of healthy young brood. The 
experiment was entirely successful, in spite of the jeers of his 
neighbours, and Boeufs profits, which soon began to mount up 
at an astonishing rate, induced others to start similar or more 
extensive farms for themselves. The movement spread rapidly, 
and in a few years a stretch of miles of unproductive mud banks 
was converted into the seat of a most prosperous industry. The 
general interests of the trade appear to be regulated in a similar 
manner to that at Whitstable ; delegates are appointed by the 
various communities to watch over the business as a whole, 
while questions affecting the well-being of oyster-culture are 
discussed in a sort of representative assembly. 

At the same time as Boeuf was planting his first oysters on 
the shores of the He de R4, M. Coste had been reporting to the 
French government in favour of such a system of ostreiculture 
as was then practised by the Italians in the old classic Lakes 
Avernus and Lucrinus. The principle there adopted was to 
prevent, as far as possible, the escape of the spat from the 
ground at the time when it is first emitted by the breeding 
oyster. Stakes and fascines of wood were placed in such a 
position as to catch the spat and give it a chance of obtaining a 
hold before it perished or was carried away into the open sea. 
The old oyster beds in the Bay of St. Brieuc were renewed on 
this principle, banks being constructed and overlaid with bundles 
of wood to prevent the escape of the new spat. The attempt 
was entirely successful, and led to the establishment or re- 
establishment of those numerous pares, with which the French 
coast is studded from Brest to the Gironde. The principal 


io8 


GREEN OYSTERS 


CHAP. 


centres of the industry are Arcachon, Auray, Cancale, and la 
Teste. 

It is at Marennes, in Normandy, that the production of the 
celel)rated ' green oyster is carried out, that especial luxury of 
the I rench epicure. Green oysters are a peculiarly French 
taste, and, though they sometimes occur on the Essex marshes, 
there is no market for them in England. The preference for 
them, on the continent, may be traced back as early as 1713, 
when we find a record of their having been served up at a 
supper given by an ambassador at the Hague. Green oysters 
are not always green, it is only after they are placed in the 
‘ claires,’ or fattening ponds, that they acquire the hue ; they 
never occur in the open sea. The green colour does not extend 
over the whole animal, but is found only in the branchiae and 
labial tentacles, which are of a deep blue-green. Various theories 
have been started to explain the ‘ greening ' of the mollusc ; the 
presence of copper in the tanks, the chlorophyll of marine algae, 
an overgrowth of some parasite, a disease akin to liver complaint, 
have all found their advocates. Prof. Lankester seems to have 
established^ the fact, — which indeed had been observed 70 years 
before by a M. Gaillon — that the greening is due to the growth 
of a certain diatom {Navicula ostrearicC) in the water of the tanks. 
This diatom, which is of a deep blue-green colour, appears from 
April to June, and in September. The oyster swallows quantities 
of the Navicula ; the pigment enters the blood in a condition of 
chemical modification, which makes it colourless in all the other 
parts of the body, but when the blood reaches the gills the 
action of the secretion cells causes the blue tint to be restored. 
The fact that the colour is rather green than blue in the gills, 
which are yellowish brown, is due to certain op tical con ditions. 

Not till the young white oyster has been steeped for several 
years in the muddy waters of the ^ claires * does it acquire the 
proper tint to qualify it for the Parisian restaurant. The 'claires 
are each about 100 feet square, surrounded by low broad banks 
of earth, about 3 feet high and 6 feet thick at the base. Before 
the oysters are laid down, the gates which admit the tide are 
carefully opened and shut a great many times, in order to 
collect a sufficient amount of the Navicula, When this is done, 
the beds are formed, and are not again overflowed by the sea, 

* Quart, Joum, Micr. Se, xxvi. p. 71. 
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except at very high tides. The oysters are shifted from one 
‘ claire ' to another, in order to perfect the " greening ' procesa 
About fifty million of these ' huitres de Marennes * are produced 
annually, yielding a revenue of 2,500,000 francs. 

It appears, from the experience of one of the most enthusiastic 
of French oyster-growers (Dr. Kemmerer),' that oysters grow best 
in muddy water, and treed best in clear water. Thus the open 
sea is the place where the spat should fall and be secured, and, 
as soon as it is of a suitable size, it should be transferred to the 
closed tank or reservoir, where it will find the quiet and the 
food (confervae, infusoria, minute algae) which are so requisite 
for its proper growth. In muddy ground the animal and 
phosphorous matter increases, and the flesh ' becomes fatter and 
more oily. A sudden change from the clear sea-water to the 
muddy tank is inadvisable, and thus a series of shiftings through 
tanks with water of graduated degrees of nourishment is the 
secret of proper oyster cultivation. 

The American oyster trade is larger even than the French. 
The Baltimore oyster beds in the Chesapeake river and its 
tributaries cover 3000 acres, and produce an annual crop of 
25 million bushels, as many as 100,000 bushels being sometimes 
taken from Chesapeake Bay in a single day. Baltimore is the 
centre of the tinned oyster trade, while that in raw oysters 
centres in New York. Most of the beds whose produce is 
carried to New York are situated in New Jersey, Connecticut, 
Delaware, or Virginia. The laws of these states do not allow 
the beds to be owned by any but resident owners, and the 
New York dealers have consequently to form fictitious part- 
nerships with residents near the various oyster beds, supply 
them with money to buy the beds and plant the oysters, and 
then give them a share in the profits. It has been estimated 
that from the Virginia beds 4,000,000 bushels of oysters are 
carried every year to Fair Haven in New England, 4,000,000 
to New York, 3,000,000 to Providence, and 2,000,000 each to 
Boston, Philadelphia, and Baltimore. The American ‘native’ 
{0. virginica) is a distinct species from our own, being much 

larger and longer in proportion to its breadth ; it is said to be 
also much more prolific. 

According to Milne-Edwards,^ in the great oyster parks on 

* See G. H. Lewes, Sea-sidU Studies, p. 339. 
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the coasts of Calvados, the oysters are educated to keep their 
shells closed when out of water, and so retain water enough 
inside to keep their gills moist, and arrive at their destination 
in good condition. As soon as an oyster is taken out of the 
sea, i^ closes its shells, and keeps them closed until the shock of 
removal has passed away, or perhaps until the desirability of a 
fresh supply of water suggests itself. The men take advantage 
of this to exercise the oysters, removing them from the sea for 
longer and longer periods. In time this has the desired effect ; 
the well-educated mollusc learns that it is hopeless to ' open ' 
when out of the water, and so keeps his shell closed and his gills 
moist, and his general economy in good condition. 

Oysters have been known to live entirely out of water for a 
considerable time. Prof. Verrill once noticed^ a large cluster of 
oysters attached to an old boot, hanging~^ m i tside a - fish-shop in 
Washington. They had been taken out of the water on about 
10 th December, and on 25 th February following some of the 
largest were still alive. It was noticed that all those which sur- 
vived had the hinge upward and the ventral edge downward, this 
being the most favourable position possible for the retention of 
water within the gill-cavity, since the edge of the mantle would 
pack against the margins of the shell, and prevent the water 
from leaking away. 

Such a succulent creature as the oyster has naturally many 
enemies. One of the worst of these is the ravenous Starfish, or 
Five-finger. His omnivorous capacities are well described by a 
clever writer and shrewd observer of nature : Here is one 
doubled up like a sea-urchin, brilliant of hue, and when spread 
out quite 1 6 inches in diameter ; where, and oh where, can you 
obtain a prey ? The hoe we carry is thrust out and the mass 

shorewards, when the rascal disgorges two large dog- 
whelks he has been in the process of devouring. We feel a 
comfortable glow of satisfaction to think that this enemy of our 
oyster-beds is also the enemy of our other enemy, this carnivor- 
ous borer. Here, quite close alongside, is another, only inferior 
in size, and we drag him ashore likewise, to find that the fellow 
has actually had the courage and audacity to suck the contents 
out of a large horse-mussel {Modiola), the strong muscle alone 
remaining undevoured. We proceed along but a short way 

* Bull. U, S. FisK Comm. v. p. 161 . 
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wheu we meet with still another in the curled-up condition in 
which they gorge themselves, and as we drag it shorewards the 
shell of a Tapes pullastra drops from the relaxing grasp of the 
ogre. Slowly the extended stomach returns to its place, and 
the monster settles back to an uncomfortable after-dinner siesta 
on an exposed boulder; for the starfish wraps its tmmed-out 
stomach around the prey it has secured, in place of attempting 
to devour the limey covering in which most of its game is 
protected. Once the mouth of the shell is enclosed in the 
stomach of the starfish, the creature soon sickens, the hinsre- 

^ O 

spring relaxes its hold, and the shell opening permits the star- 
fish to suck out the gelatinous contents, and cast free the 
calcareous skeleton.” * 

According to other observers the starfish seizes the oyster 
with two of his fingers, while with the other three he files away 
the edge of the flat or upper valve until the points of contact 
with the round valve are reduced almost to nothing ; then he can 
introduce an arm, and the rest is easy work. Others suggest 
that the starfish suffocates the oyster by applying two of its 
fingers so closely to the edge of the valves that the oyster is 
unable to open them ; after a while the vital powers relax and 
the shell gapes. The Eev. J. G. Wood holds that the starfish 
pours a secretion from its mouth which “ paralyses the hinge 
muscle and causes the shell to open:” Sdnietiraes in a single 
night a whole bed of oysters will be totally destroyed by an 
invasion of starfish. Another dr-eaded enemy is the ‘ whelk,’ a 
term which includes Purpura lapillus, Murex erinacev^, Buccinum 
undatum, and probably also Nassa reticulata. All these species 
perforate the shell with the end of their radula, and then suck 
out the contents through the neatly drilled hole. Skate fish 
are the cause, of terrible destruction in the open beds, and a 
scarcely less dangerous visitant is the octopus. Crabs crush the 
young shells with their claws, and are said to gather in bands 
and scratch sand or mud over the larger specimens, which makes 
them open their shells. Yet another, and perhaps unconscious, 
foe is found in the common mussel, which takes up room meant 
for the young oysters, grows over the larger individuals, and 
haiboui’s all sorts of I’efuse between and under its closely packed 

' W. Anderson Smith, Loch Vreran, p. 228. 

* Longman's Magazinc^ June 1889. 
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ranks. ClioTictj a parasitic sponge, bores in between tlie layers 
of the oyster s shell, pitting them with tiny holes (corresponding 
to its osculcC)^ and disturbing the inmate, who has constantly to 
construct new layers of shell from the inside. ^V^eed, annelids, 
‘ blubber, shifting sand or mud, sewage or any poisoning of the 
water, are seriously harmful to the oyster’s best interests. A 
very severe winter is often the cause of wholesale destruction in 
the beds. According to the Daily News of 26th March 1891, 
the Whitstable oyster companies lost property to the value of 
£30,000 in the exceptionally cold winter of 1890-91, when, on 
the coast of Kent, the surface temperature of the sea sank below 
32°, and the advancing tide pushed a small ice-floe before it. 
Two million oysters were laid down in one week of the following 
spring, to make up for the loss. During the severe winter of 
1892-93 extraordinary efforts were made at Hayling I. to protect 
the oysters from the frost. Twenty million oysters were placed 
in ponds for the winter, and a steam-engine was for days 
employed to keep the ponds thawed and supplied with water, 
while large coal and coke fires were kept burning at the edge of 
the ponds.^ On the other hand, the unusually warm and sunny 
summer of 1893 is said to have resulted in the finest fall of spat 
known in Whitstable for fifty years.^ 

The reproductive activity of the oyster is supposed to com- 
mence about the third year. Careful research has shown ^ that 
the sexes in the English oyster are not separate, but that each 
individual is male as well as female, producing spermatozoa as 
well as ova in the same gland. Here, however, two divergent 
views appear. Some authorities hold that the oyster does not 
fecundate its own eggs, but that this operation is performed by 
spermatozoa emitted by other specimens. It is believed that, 
in each individual, the spermatozoa arrive at maturity first, and 
that the ova are not produced until after the spermatozoa have 
been emitted ; thus the oyster is first male and then female, 
morphologically hermaphrodite, but physiologically ui^exuaL 
Others are of opinion that the oyster does fecundate its own 
eggs, ova being first produced, and passed into the infrabranchial 
chamber — the ' white-sick ^ stage — and then, after an interval, 

* 8t, James* 8 OasetU, 6th January, 1893. 

* Also at Arcachon (W. A. Hcrdman, Nature, 1893, p. 269). 

* See especially Hoek, Tijdschr, Ned. Dierk. Vereen, SuppL Decl. i. 1883. 
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spermatozoa being formed and fecundating these ova— the 
black-sick stage. In this latter view the oyster is first 
emale and then male, and is, both morphologically and physio- 
logically, hermaphrodite. The old view, that ‘black-sick’ 

oysters are the male, and ‘ white-sick ’ the female, is therefore 
quite incorrect. 

The ova, in their earliest stage, consist of minute oval 
clusters of globules floating in a transparent mucus Thev 
pass from the ovary into the gills and folds of the mantle, and 
are probably fecundated within the excretory ducts of the ovary 
before arriving in the mantle chamber. In this stage the oyster 
.. temed ■ white-sick.’ In about a fortnight, as the courT of 
velopment pro^ds, the fertUised ova become ciliated at one 
end (the so-called rrf.gsr stage, p. 131). and soon pigment appears 
,n various parts of the embryos, giving them a darker cE 
^which varies from greyish to blue, and thus the white-sick oyster 

Still furnished with cilia for their free-swimming life. tL is 
of very short duration, for unless the embryo finds some suit- 

S X“ As°°th’"’“, hours, it 

Sohtlv which 

g y opens its valves and blows the spat out in iets it 

resembles a thick cloud in the water, and is carried about at the 

7:1 us:al “ fog 

onths, warm weather being apparently an absolute necessity 
to secure the adhering of the spat. A temperatme of 65° to 72^ 
F. seems requisite for their proper deposit. Thus on I fine 
warm day, with little wind or tide running, the spat will faU 

wither" ifwilT ‘"f • ^ blustering 

batl V h iT be carried off to a distance, and pro! 

A- ^^^°°®^ber lost. The number of youn^/ produced bv 

« odSooO p ,7 “‘““M at frSn 300.000 to 

solifoE “nXrtor adhere, to some 

swimming life. It henins “““say for its 

about JL innh * 1 * ^ ^ g^ow rapidly, increasing from 

«out ^ inch in diameter to about the size of « ^ 

VOL. Ill ^ threepenny 

I 
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piece in five or six months, and in a year to 1 inch in 
diameter. Roughly speaking, the best guide to an oyster’s age 
is its size ; it is as many years old as it measures inches across. 

The oyster is at its prime at the age of five ; its natural life 
is supposed to be about ten years. The rings, or ' shoots ’ on a 
shell are not — as is frequently supposed — marks of annual 
growth ; cases have been noticed where as many as three 
‘ shoots ’ were made diming the year. 

An oyster is furnished, on the protruding edges of the 
mantle, with pigmented spots which may be termed 'visual 
organs,’ though they hardly rise to the capacities and organisation 
of real ' eyes.’ But there is no doubt that they are sufficiently 
sensitive to the action of light to enable the oyster to apprehend 
the approach of danger, and close his doors accordingly. ' How 
sensitive,’ notes Mr. W. Anderson Smith,^ ' the creatures are to the 
light above them ; the shadow of the iron as it passes overhead 
is instantaneously noted, and snap ! the lips are firmly closed.’ 

The geographical distribution of Ostrea edulis extends from 
Tranen, in Norway, close to the Arctic circle, to Gibraltar and 
certain parts of the Mediterranean, Holland, and N. Germany to 
Heligoland, and the western shores of Sleswick and Jutland. It 
occurs in Iceland, but does not enter the Baltic, where attempts 
to colonise it have always failed. Some authorities regard the 

Mediterranean form as a distinct species. 

The literature of oyster -cookery may be passed over in 
silence. The curious may care to refer to M. S. Lovell s Edible 
British Mollusks, where no less than thirty-nine different ways 
of dressing oysters are enumerated. It may, however, be worth 
while to add a word on the subject of poisonous oysters. Cases 
have been known where a particular batch of oystera as, / 
for some reason, been fatal to those who have partaken o t em. | 
It is possible that this may have been due, in certain ins ances, 
to the presence of a superabundance of copper in t e oys ers, 
and there is no doubt that the symptoms detailed have o n 
closely resembled those of copper poisoning. Cases o 
have occurred at Rochefort through the importation 0 ^ 

oysters’ from Falmouth. It would no doubt be angerous 
to eat oysters which had grown qn^^^^opper^botj^ o a s p. 
But copper is present, in more or less ImnWg^ntities, in v y 

1 Bcnderlochj p. 136. 
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many Mollusca, and it is more probable that a certain form 
of slow decomposition in some shell-fish develops an alkaloid 
poison which is more harmful to some people than to others, 
just as some people can never digest any kind of shell-fish.' 
These alkaloid developments from putrescence are called 
ptomaines. In confirmation of this view, reference may be 
made to a case, taken from an Indian Scientific Journal, in 
which an officer, his wife, and household ate safely of a basket of 
oysters for three days at almost every meal. The basket then 
passed out of their hands, not yet exhausted of its contents, and 
a man who had already eaten of these oysters at the officer’s 
table was afterwards poisoned by some from the same basketful. 

The cultivation of th^commpn . jnussel {Mytilus edulis L) is 
not practised in this country, although it is used as food in the 
natural state of growth all round our coasts. The French 
appear to be the only nation who go in for extensive mussel 
farming. The principal of these establishments is at a little 
town called Esnaudes, not far from La Eochelle, and within 
sight of the He de Ed and its celebrated oyster parks. The 
secret of the cultivation consists in the employment of ‘ bouehots,’ 
or tall hurdles, which are planted in the mud of the foreshore, 
and upon which the mussel {la moule, as the French call it) 
grows. The method is said^ to have been invented as long ago 
as 1235 by a shipwrecked Irishman named Walton. He used 
to hang a purse net to stakes, in the hope of capturing sea birds. 
He found, however, that the mussels which attached ^themselves 
to his stakes were a much more easily attainable source of food 
and he accordingly multiplied his stakes, out of which the 
present ‘ louchot ’ system has developed. The shore is simply a 
stretch of liquid mud, and the bouehots are arranged in shape 

‘‘Th’’* » the 

Ma. The hshermen, m vmtmg the bouehots, gUde about over 
the mud m or light Hat-bottomed boats,! propelling 

Joo f bouehot is now 

“etsTbori “f •"“k. “d ae there are altogether at 

bouehots, the total mussel-bearing length of wall is 
nearly 130 miles. ” ° 

’ ThU is the view of E. Lankester, to. ,/ouni. Micr. Sc. «vi. 80. 

De Quatrefagea, Hambies of a Naturalist, 
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The mussel -isjKit ailixes itself natui*ally to the boiichots 
nearest the sea, in January and February. Towards May the 
planting begins. The young mussels are scraped off these 
outermost bouchots, and placed in small bags made of old 
canvas or netting, each bag holding a good handful of the 
mussels. The bags are then fastened to some of the inner 
bouchots, and the mussels soon attach themselves by their 
byssus, the bag rotting and falling away. They hang in clusters, 
increasing rapidly in size, and at the proper time are trans- 
planted to bouchots farther and farther up the tide level, the 
object being to bring the matured animal as near as possible to 
the land when it is time for it to be gathered. This process, 
which aims at keeping the mussel out of the mud, while at the 
same time giving it all the nutrition that comes from such a 
habitat, extends over about a year in the case of each individual. 
Quality, rather than quantity, is the aim of the Esnaudes 
boucholiers. The element of quantity, however, seems to come 
in when we are told that each yard of the bouchots is calculated 
to yield a cartload of mussels, value 6 francs, and that the whole 
annual revenue is at least £52,000. 

In this country, and especially in Scotland, mussels are 
largely used as bait for long-line 4shing. Of late years other 
substances have rather tended to take the place of mussels, but 
within the last twenty years, at Newhaven on the Firth of Forth, 
three and a half million mussels were required annually to 
supply bait for four deep-sea craft and sixteen smaller vessels. 
According to Ad. Meyer,^ boughs of trees are laid down in 
Kiel Bay, and taken up again, after three, four, or five years, 
between December and March, when they are found covered 
with fine mussela The boughs are then sold, just as they are, 
by weight, and the shell-fish sent into the interior of Germany. 

Mussels are very sensitive to cold weather. In 1874, during 
an easterly gale, 195 acres of mussels at Boston, in Lincolnshire, 
were killed in a single night. They soon affix themselves to the 
bottom of vessels that have lain for any length of time in harbour 
or near the coast. The bottom of the Great Eastern steamship 
was at one time so thickly coated with mussels that it was esti- 
mated that a vessel of 200 tons could have been laden from 

In some of our low-lying coast distriqts mussels are a 

* Quoted by Jeffreys, Bril, C<mch. ii. d. 109. 
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valuable protection against inundation. An action for trespass 
was brought some time ago for the purpose of establishing the 
right of the lord of the manor to prevent the inhabitants of 
Heacham from taking mussels from the seashore. The locality 
is the foreshore of the sea, running from Lynn in a north- 
westerly direction towards Hunstanton in Norfolk ; and the 
nature of the shore is such that it requires constant attention, 
and no little expenditure of money, to maintain its integrity, 
and guard against the serious danger of inundations of the sea. 
Beds of mussels extend for miles along the shore, attaching 
themselves to artificial jetties running into the sea, thereby 
rendering them firm, and thus acting as barriers against tlie sea 
[and as traps to catch the silt, and thus constantly raise the 
level of the shore]. Therefore, while it is important for the 
inhabitants, who claim a right by custom, to take mussels and 
other shell-fish from the shore, it is equally important for the 
lord of the manor to do his utmost to prevent these natural 
friends of his embankments and jetties from being removed in 
large quantities.” ^ 

The fable that Bideford Bridge is held together by the 
byssi of MytiluSy which prevent the fabric from being carried 
away by the tide, has so often been repeated that it is perhaps 
worth while to give the exact state of the case, as ascertained 
from a Town Councillor The mussels are supposed to be of 
some advantage to the bridge, consequently there is a by-law 
forbidding their removal, but the corporation have not, and 

never had, any boat or men employed in any way with regard 
to them. 

^ <;^oisoning by mussels is much more frequent than by oysters. \ 
At Wilhelmshaven,^ in Germany, in 1885 , large numbers^ of 1 
persons were poisoned, and some died, from eating mussels'/ 
taken from the harbour. It was found that when transferred to 
open water these mussels became innocuous, while, on the other 
hand, mussels from outside, placed in the harbour, became 
poisonous. The cause obviously lay in the stagnant and 
corrupted waters of the harbour, which were rarely freshened by 
tides. It was proved to demonstration that the poison was not 
due to decomposition ; the liver of the mussels was the poisonous 
part. In the persons affected, the symptoms were of three 


M. S. Edible MolluskSy p. 49 . 


* Science, vii. p. 175, 
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kinds, exanthematous (skin eruptions), choleraic, and paralytic. 
Cases of similar poisoning are not unfrequent in our own 
country, and the circumstances tend to show that, besides the 
danger from mussels bred in stagnant water, there is also risk 
in eating them when ‘ out of season ’ in the spawning time. 

Wlidlcs are very largely employed for bait, especiaUy in the 
cod fishe^ry. The whelk fishery in Whitstable Bay, both for 
bait and for human food, yields £12,000 a year. Dr. Johnston, 
of Berwick, estimated that about 12 million limpets were 
annually consumed for bait in that district alone. The cockle 
fishery in Carmarthen Bay employs from 500 to 600 families, 
and is wmrth £15,000 a year; that in Morecambe Bay is worth 
£ 20 , 000 . 

Cultivation of Snails for Food ; use as Medicine —Jfrwas 
a certain Fulvius Hirpinus who, according to Pliny the elder,' 
first instituted snail preserves at Tarquinium, about 50 B.c. He 
appears to have bred several species in his ‘ cochlearia,’ keeping 
them separate from one another. In one division were the 
alhulae, which came from Eeate ; in another the ‘ very big snails ’ 
(probably _ TT. I.u Mmtrrr^r' from Illyria; in a third the African 
snails, whose characteristic was their fecundity ; in a fourth 
those from Soletum, noted for their ‘ nobility.’ To increase the 
size of his snails, Hirpinus fed them on a fattening mixture of 
meal and new wine,)and, says the author in a burst of enthusiasm, 

‘ the glory of this art was carried to such an extent that a 
single snail-shell was capable of holding eighty sixpenny piecea’ 
Varro ^ recommends that the snaileries be surrounded by a 
ditch, to save the expense of a special slave to catch the 
runaways. Snails were not regarded by the Komans as a 
particular luxury. Pliny the younger reproaches ® his friend 
Septicius Clarus for breaking a dinner engagement with him, at 
which the meny^ was to have been a lettuce, three snails and two 
eggs apiece, barley water, mead and snow, olives, beetroot, gourds 
and truffles, and going off somewhere else where he got oysters, 
scallops, and sea-urchins. In Horace’s time they were used as a 
gentle stimulant to the appetite, for 

“ ’Tis best with roasted shrimps and Afric snails 
To rouse your drinker when his vigour fails." ^ 

> Hist. Hat. ix. 82. » De re rustica, iii. 14. ’ EpisUcs, i. 15. 

^ Hor. Sat. II., iv. 58, tr. Conington. 
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(Escargotiferes, or snail-gardens, still exist in many parts of 
Europe, e.g, at Dijon, at Troyes and many other places in 
central and southern France,'/ at Brunswick, Copenhagen, and 
Ulm. 'The markets at Paris, Marseilles, Bordeaux, Toulouse, 
Nantes, etc., are chiefly supplied by snails gathered from the 
open country, and particularly from the vineyards, in some of 
whi oh jmrnat ia abounds. In the Morning Post of 8th 

May 1868 there is~an account of the operation of clearing the 
celebrated Clos de Vougeot vineyard of these creatures. No less 
than 240 gallons were captured, at a cost in labour of over 100 
francs, it being estimated that these snails would have damaged 
the vines to an extent represented by the value of 15 to 20 pipes 
of wine, against which may be set the price fetched by the snails 
when sold in the market. 

^It is generally considered dangerous to eat snails at once 
which have been gathered in the open country. Cases ^have 
occurred in which death by poisoning has resulted from a neglect 
of this precaution, since snails feed on all manner of noxious 
herbs. Before being sent to table at the restaurants in the great 
towns, they are fattened by being fed with bran in the same way 
as oysters. 

The Roman Catholic Church permits the consumption of 
snails during Lent. Very large numbers are eaten in France 
and Austria at this time. At the village of Cauderon, near 
Bordeaux, it is the proper thing to end Carnival with especial 
gaiety, but to temper the gaiety with a dish of snails, as a 
foretaste of Lenten mortification. 

, -The following species appear to be eaten in France at the 
present day : H, p o matia, a syersa, nemorali s. ]iortensis ,^ajgp.rtn.^ 
pisana, vermiculata, l^tea. / ALCCording to Dr. Gray, the glas^en 
"at JNewcastle used to Indulge in a snail Teasrbnce a year, and a 
recent writer informs us^l^hat AT. dspersa is still eaten by working 
people in the vicinity of Pontefract and Knottingley.^ ( But in 
this country snails appear to be seldom consciously usra as an 
article of food ; the limitation is necessary, for Lovell tells us 
that they are mjich employed in the manufacture of cream, and 

that a retired (!) milkman pronounced it the most successful 
iraitatiiDu kuowii^ 

^^,^eparations ^ade ,fi;om snails used to be high^ esteemed as 
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Roberts, Zoologist, 1885; p. 425. 
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a cure for various kinds of di seases^and injuries. Pliny the elder 
recommends them for a cough and for a stomach-ache, but it is 
necessary ‘‘ to take an uneven numbe r of th em.” ^ Five African 
slugs, roasted and beaten to a powder, with half a drachm of 
t acacia, and taken with myrtle wine, is an excellent remedy for 
V dy^ntery. treated in various ways, s nails have been considered, 
in. modern times, a cure for ague, cornf^^ FT^^ ^(idrbutic 
affections, hectic fevers, pleurisy, asthma7*^b^rucUonsJ 
swelling of the joints, headache, an impostume (whitlow), and 

One of Pliny ^s remedies for headache, which competes 
with the bones of a vulturous head or the brain of a crow or an 
owl, is a plaister made of slugs with their heads cut off, which is 
to be applied to the forehead. ) He regards slugs as immature 
snails, whose growth is not yet complete (no^um perfectaey 
Lovell states that a large trade in snails is carried on for 
Covent Garden market in the Lincolnshire fens, and that they 
are sold at 6d. per quart, being much used for consumptive 
patients and weakly children.’' 

The custom still seems to linger on in some parts of the 
country. Mr. E. Eundle, of the Eoyal Cornwall Infirmary, gives 
his experience in the following terms : ‘‘ I well remember, some 
twelve years since, an individual living in an adjoining parish 
[near Truro] being pointed out to me as ‘ a snail or slug eater.' 
He was a delicate looking man, and said to be suffering from 
consumption. Last summer I saw this man, and asked him 
whether the statement that he was a * snail eater ' was true : he 
answered, ‘ Yes, that he was ordered small white slugs — not 
snails — and that up till recently he had consumed a dozen or 
more every morning, and he believed they had done him good.' 
There is also another use to which the coimtry people here put 
snails, and that is as an eye application. I met with an instance a 
feix weeks since, and much good seemed to have followed the use." * 

/ A reverend Canon of the Church of England.Whose name I 
arti not permitted to disclose, ^informs oaa that there was a belief 
among the youth of his natwe town (Pontypool, in Monmouth- 
shire) that young slugs were 'good for consumption,' and that 
they were so recommended by a doctor who practised in the 
town. The slugs selected were about f inch long, " such as may 
be seen crawling on the tiu*f of a hedge-bank iifter a shower of 

^ Hist. NcU. xxr. 15, 19. ^ Science Oossip, 1891, p. 166. 
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rain.” They were placed upon the tongue without any previous 
preparation, and swallowed alive.” My informant himself in- 
dulged in this practice for some time, not on account of any 
gustatory pleasure it afforded, but from some vague notion that 
it might do him good.” 

A colleague of mine at King s College tells me that the country 
people at Ponteland, near Morpeth, habitually collect Limax 
agrestis and boil it in milk as a prophylactic against consump- 
tion.^ He has himself frequently devoured them alive, but they 
must be swallowed, not scrunched with the teeth, or they taste 
somewhat bitter. 

(^Snails have occasionally fallen, with other noxious creatures, 
under the ban of the Church. ) In a prayer of the holy martyr 
Trypho of Lampsacus (about 10th cent, a.d.) there is a form of 
exorcism given which may be used as occasion requires. It 
runs as follows : 0 ye Caterpillars, Worms, Beetles, Locusts, 

Grasshoppers, Woolly- Bears, Wire worms, Longlegs, Ants, Lice, 
Bugs, Skippers, Cankerworms, Palmerworms, Snails, Earwigs, 
and all other creatures that cling to and wither the fruit of the 
grape and all other herbs, I charge you by the many-eyed 
Cherubim, and by the six-winged Seraphim, which fly round the 
throne, and by the holy Angels and all the Powers, etc. etc., hurt 
not tke vines nor the land nor the fruit of the trees nor the 

vegetables of the servant of the Lord, but depart into the 

wild mountains, into the unfruitful woods, in which God hath 
given you your daily food.” 

v.-^rices given for Shells. — Very high prices have occasionally 
been given for individual specimens, particularly about thirty or 
forty years ago, when the mania for collecting was at its height. 
In those days certain families, such as the Volutidae, Conidae, and 
Cypraeidae, were the especial objects of a collector's ardour, and 
he spared no expense to make his set of the favourite genus as 
complete as possible. Thus at Stevens' auction-rooms in Covent 
Garden, on 21st July 1854, one specimen of Conus cedo nulli 
fetched £9 : 10s., and another £16, a C, OTnaicus 16 guineas, 
C, victoT £10, and C, glovia itiaxis, the greatest prize of all, 
£43:18. At the Vernede sale, on 14th Dec. 1859 two Conus 
omaicus fetched £15 and £22, and a C, gloria maris £34. At 
the great Dennison ^le, in April 1865, the Conidae fetched 
extravagant prices, six specimens averaging over £20 a-piece. 
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Conus cedo nulli went for £18 and £22, C, omaicus for £12, 
(7. malaccanus for 10 guineas (this and one of the cedo nulli 
being the actual specimens figured in Keeve’s Conchologia 
Iconica), C. cervus for £19 and C. gloria mavis for £42. On 
9 th May 1866 a Cypraea Broderipii was sold at Stevens’ auction- 
rooms for £13, and at the Dennison sale a Cypraea princeps 
fetched £40, and C. guttata £42. The Volutidae, although not 
quite touching these prices, have yet done fairly well Mr. 
Dennison’s Voluta fusiformis sold for £6 :15s., V, papillaris for 
£5, V, cymhiola for £5 : 15s., V, reticulata for 8 guineas, and two 
specimens of the rarest of all Volutas, V. f estiva, for £14 and 
£16, both being figured in the Conchologia, At the same 
sale, two unique specimens of Oniscia Dennisoni fetched £17 
and £18 respectively, and, at the Vernede sale, Aru^illaria 
Vern^dei was bought for £6 : 10s., and Voluta piperata for 
£7 : 10s. 

A unique specimen of a recent Pleurotomaria {quoyana 
F. and B.) was purchased by Miss de Burgh in 1873 for 25 
guineas, and another species of the same genus {adansoniana 
Cr. and F.), of extraordinary size and beauty, is now offered for 

sale for about £100. 

Bivalves have never fetched quite such high prices as uni- 
valves, but some of the favourite and showy genera have gone 
near to rival them. On 22nd June 1869, at Stevens, Pecten 
Solaris fetched £4 : 5s., P, Reevii £4 : 8s., and Cardita varia 
5 guineas. Mr. Dennison’s specimens of Pecten suhnodosus sold 
for £7, of Corhula Sowerhyi for £10, of Pholadomya Candida 
for £8 and £13, while at the Vernfede sale a Chama.damicornis 

fetched £7. 
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CHAPTER V 


KEPRODUCTION DEPOSITION OF EGGS DEVELOPMENT OF THE 

FERTILISED OVUM DIFFERENCES OF SEX DIOECIOUS AND 

HERMAPHRODITE MOLLUSCA DEVELOPMENT OF FRESH-WATER 

BIVALVES. 

Reproduction in the Mollusca invariably takes place by means 
of eggs, which, after being developed in the ovary of the female, 
are fertilised by the spermatozoa of the male. As a rule, the 
eggs are ‘ laid,’ and undergo their subsequent development apart 
from the parent. This rule, however, has its exceptions, both 
among univalve and bivalve Mollusca, a certain number of which 
hatch their young from the egg before expelling them. Such 
ovoviviparous genera are Melania, Paludina, Balea, and Coeliaxis 
among land and fresh -water Mollusca, and Cymba and many 
Littorina amongst marine. The young of Melania tuherculata, 
in Algeria, have been noticed to return, as if for shelter, to the 
branchial cavity of the mother, some days after first quitting it. 
Isolated species among Pulmonata are known to be ovovivi- 
parous, e.g. Patula Cooperi, P, Hemphilli, and P, rupestris, 
Acanthinula harpa, Microphysa vortex, Pupa cylindracea and 
muscorum, Clausilia ventricosa, Opeas dominicensis, Rhytida in- 
aequalis, etc. All fresh-water Pelecypoda yet examined, except 
Dreissensia, are ovoviviparous. 

The number of eggs varies greatly, being highest in the 
Pelecypoda. In Ostrea edulis it has been estimated at from 
300,000 to 60,000,000; in Anodonta from 14,000 to 20,000; 
in Uiiio pictorura 200,000. The eggs of Boris are reckoned at 
from 80,000 to 600,000, of Loligo and Sepia at about 30,000 
to 40,000. Pulmonata lay comparatively few eggs. Arion ater 
has been observed to lay 477 in forty-eight days (p. 42). Nests 
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Mull., Barbados. 
size. 


of Hclio: aspersa have been noticed, in which the number of eggs 
varied from about 40 to 100. They are laid in little cup- 
shaped hollows at the roots of grass, with a little loose earth 
spread over them. The eggs of Testcvcella are rather large, and 
very elastic ; if dropped on a stone floor they will rebound 
sharply several inches. The Cochlostyla of the Philippines lay 
their eggs at the tops of the great forest trees, folding a leaf 

together to serve as a protection. 

The eggs of the great tropical Bulimus and Achatina, 

toi^ether with those of the Macroon 

O 

group of Helix {Helicophanta^ Acavus, 
Panda) are exceedingly large, and the 
number laid must be decidedly less 
than in the smaller Pulmonata. Buli- 
mus oUonguSy for instance, from Bar- 
bados, lays an egg about the size of a 
sparrow’s (Fig. 38), Achatina sinis- 

and egg of Bulimus oblonyus I'l'OTSa dS large dS p g 

Natural Cincfalcse Helix ^Valtoui when first 

O 

hatched is about the size of a full- 
grown H hortensis. There is, in tlie British Museum, a speci- 
men of the egg of a Bulimus from S. America (probably maximus 
or popelairanus) which measures exactly if inch in length. 

The Limnaeidae deposit their eggs in irregular gelatinous 
masses on the under side of the leaves of water-plants, and on 

all kinds of debris. 

The Rachiglossa or marine carnivorous fomilies lay their 
eggs in tough leathery or bladdery capsules, which are frequently 
joined together in shapes which differ with tlie genus. Each 
capsule contains a varying number of ova. The cluster of egg 
capsules of Buccinum undatum is a familiar object on all our 
sandy coasts. The capsules of Purpura lapillus are like delicate 
pink grains of rice, set on tiny stalks. They are not attached to 
one another, but are set closely together in groups in sheltered 
nooks of the rocks. A single Purpura has been observed to pro- 
duce 245 capsules ! Busycon lays disc- shaped capsules which 
are all attached at a point in the edge to a cartilaginous band 
nearly 3 feet in length, looking like a number of coins tied 
to a string at equal distances from one another. In Murex 
erinaceus the egg capsules are triangular, with a sliort st<ilk. 
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They aic dej)Osite(l separately in (dusters of from 15 to 1 50, tliere 
being ulxnit 20 ova in each Ciipsule. It appears that all the 
species of the same genus have by no means the same method 
of depcjsiting their eggs, nor do they always produce eggs of at 
all similar size or shape. Thus, of two British species of Nassa, 



Fid. 39. — Various forms of spawn 
in Prosobranchiata : A and D, 
Pyrula or Busy con ; B, Conus; 
C, Valuta musica ; E, Amjml- 
Inria (from specimens in the 
Biitisb Museum); all x 


N. reticulata lays egg-capsules in shape like flattened pouches 
with a short stalk, and fastens them in rows to the leaves of 
Zostera ; N, incrassatay on the other hand, deposits solitary 
capsules, which are shaped like rounded oil-flasks. Nejptunea 
antiqua lays its eggs in bunched capsules, like Bacc. undatum 
(Fig. 40), but the capsules of N. gracilis are solitary. 

In Natica the eggs are deposited in what looks like a thick 
piece of sand-paper, curled in a spiral form (Fig. 41). The sand 
is agglutinated by copious mucus into a sort of sheet, and the 
eggs are let into this, sometimes {N. heros) in regular quincunx 
form. lanthina attaches its eggs to the under side of its float 
(Fig. 42). The Trochidae deposit their eggs on the under side 
of stones and sea-weeds, each ovum being contained in a separate 
capsule, and all the capsules glued together into an irregular 
mass of varying size. The female of Galerus chinensis hatches 
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her e^gs ])y keeping them between lier foot and tlie stone she 
adheres to. 1 liey are laid in from G to 10 capsules, connected 
by a jMHlicle and arranged like the petals of a rose, with 10 to 12 




Fio. 40. — Egg-caps\iles of, A, Nassa 
relindatd L. x ^ ; B, Buccinum 
'iindahnn. L. x J ; C, Neptunea 
antuiua L. x 



Fig. 41. — Spa^v^l of a species of 
Natica (from a specimen in the 
British Museum) x 


eggs in each capsule. Those Littorina which are not ovovivi- 
parous deposit their spawn on sea-weeds, rocks, and stones. 
The eggs are enveloped in a glairy mass which is just firm 
enough to retain its shape in the water ; each egg has its own 



Fig. 42 . — Janthina fra/jilis Lam. FL,* float ; O, ova; Pr, proboscis ; Br, branchiae; 

F, foot. (Quoy and Gaimard.) 

globule of jelly and is separated from the others by a very thin 
transparent membrane.^ 

Chiton marginatuSy w'hen kept in captivity, has l)een noticed 
^ Jeffreys, Bril, Concha iii. p. 355. ^ W. Clark, Matj, Nat. Jliat. xvi. p. 44(5. 





V 


SPAWN OF CHITON AND OF THE CEPHALOPODA 


1 27 


to elevate the posterior part of the girdle, and to pour out a 
continuous stream of ilaky wliite matter like a tleecj cloud, 
which proved to he of a glutinous nature. It then discharged 
ova, at the rate of one or two every second, for at least fifteen 
minutes, making a total of 1300 to 1500, each being about 
inch diameter. The ova were shot into the glutinous cloud, 
which seemed to serve as a sort of nidus to entangle the ova and 
prevent them being carried away. Xlie subsecpient development 
was rapid, and in seven days the young Chiton was liatched, 
being then about inch long. Loven has described tlie same 
species as laying its eggs, loosely united in clusters of seven to 
sixteen, upon small stones. There is probably some mistake about 
the identification, but the observation illustrates the varying 
methods of oviposition among allied forms. 


Not very much is known with regard to the ovipositing 
of the Cephalopoda, especially those which inhabit deep water. 
Masses of ova arranged in 
very various forms have occa- 
sionally heen met with float- 
iim in the ocean, but it is 

O ' 

next to impossible to deter- 
mine to what species, or even 
genus, they belong.^ 

In Loliyo puTictata the 
ova are contained in small 
cylindrical cases measuring 3 

to .4 in. bj '2* Pjq 43^ — Egg-capsules of A, Sepia elegans 

number of about 250 ova in Orb., and B, Lam. 

each case. Hundreds of these 

cases are attached together like a bundle of sausages or young 
carrots, and the movements of the embryos within can be dis- 
tinctly noted. Sejna officinalis lays large black pear-shaped 
capsules, each of which is tied to some place of aitachment by a 
kind of ribbon at the upper end of the capside, the whole form- 
ing a large 'group like a bunch of grapes. Octopus mdijaris 
deposits thousands of small berry-shaped ova, attached to a string 
which runs along the centre of the mass (Fig. 43). 

The so-called shell of the female Argonauta is nothing more 



' Examples will be found in Jmirn, Linn. Soc. Zool. xi. ]>. 90 ; Ann. Sc. Kat. 
XX. p. 472 ; Zeit. wins. Zool. xxiv. p. 419. 
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than a form of protection for the ova, and is in no sense homo- 
logous to the ordinary molliiscan shell. The ova consist of » 
large granulated mass, attached to a many branched stem ; they 
are contained in the spire of the shell, in contact with the 
posterior part of the body of the mother, but sometimes project 
externally beyond the coil of the spire. 

Certain species possess the curious property of laying their 
on the outside of their own shells. BucciTiojpsis Dcdei is 
not imfrequently found decorated with its own egg capsules. 
Possibly this species, which lives on oozy ground, finds this 
the only secure place of attachment for its progeny. Neritina 
fluviatilis has a similar habit, and so have many other species of 
Neritina and Navicella, It is not quite clear, in the latter cases, 
whether the eggs are laid by the specimens on whose shell 
they are found, or whether they are deposited by others. In 
either case, perhaps the shell is the safest place for them in the 
rapid streams which both genera frequent. Specimens of Hydrdbia 
ulvae taken on the wet sands at the mouth of the Dee, are 
found to ‘Save several little rounded excrescences scattered over 
the surface of the shell. These, on examination, are found to 
be little masses of small sand -grains, in the centre of which 
is a clear jelly containing segmenting ova or young embryos. 
Here again, in all probability, the shell is the only comparatively 
stable object, in the expanse of shifting sands, on which the eggs 
can be laid.^ 

The pulmonate genus Libera, which occurs on a few of the 
island groups in the Central Pacific, is remarkable for the habit 
of laying its eggs within its own cavernous umbilicus, which is 
narrowed at the lower part. The eggs number from four to six, 
or the same number of very young shells may be seen closely 
packed in the cavity, each being in shape exactly like a young 
Planorbis. This constriction of the umbilicus does not occur till 
the formation of the last two whorls, ix, tUl the animal is sexually 
mature. Some species, but not all, provide for the safety of their 
eggs more completely by forming a very thin sheDy plate, which 
nearly closes the umbilical region, and breaks away or is absorbed 

to facilitate the escape of the young shells.^ 

Union of — With regard to the act of union itself, 

* IlerduiaD, Proc. Livtrp, Biol, Soc, iii. p. 30. 

* Garrett, Joum, Ac. NcU, Sc. Phil. viii. (1880)« 
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the method in certain species of Limax deserves special notice. 
L. maximus has been observed at midnight to ascend a wall or 
some perpendicular surface. A pair then crawl round and round 
one another emitting a quantity of mucus which at length forms 
a patch, 2 to 2^- inches in diameter. When this acquires con- 
sistency the pair begin to twist round each other in corkscrew 
form, and detach themselves from the wall, hanging by a cord 
of the thickened mucus, about 8-15 inches long, and still twist- 
ing round each other. The external generative organs are then 
protruded and copulation takes place, after which the bodies 
untwist, separate, and crawl up the cord again to the wall.^ 

Periodicity in Breeding. — In the marine Mollusca, the 
winter montlis appear to be the usual time for the deposition of 
6gg8- Careful observations have been made on the Mollusca 
occurring at Naples,^ and the general result seems to be that for 
all Orders alike the six winter months from November to April, 
roughly speaking, are the breeding time. Scarcely any forms 
appear to breed habitually in August, September, or October. 
On our own coasts, Nudibranchiata come in shor^*^ deposit 
their ova from January to April. Purpura lapillus may be 
observed depositing ova all the year round, but is most active 
from January to April. Buccinum undatum breeds from October 
to May ; Littorina all the year round. 

The land Mollusca exhibit rather more periodicity than the 

marine. In temperate climates they breed exclusively in the 

summer montlis. In the tropics their periods are determined 

by the dry and rainy seasons, where such occur, otherwise they 

cohabit all the year round. According to Karl Semper, the 

snails of the warm Mediterranean region arrive at sexual maturity 

when they are six months old, i,e. before they are fully grown. 

After a rest of about three months during the heat of summer, a 

second period of ovipositing occurs.-^ Helix hortensis and H 

nemoralis ascend trees, sometimes to a heiglit of forty feet, when 
pairing.* 

Hybridism as the result of union between different species of 
Mollusca is exceedingly rare. Lecoq once noticed ^ on a wall at 
Anduze (Gard) as many as twenty specimens of Pupa cinerea 

^ J. Bladon, Zoologist^ xvi. p. 6272. 

I P- ’ Animal Life, pp. 126, 135. 

K Rimraer, Land and Fresh- tVaUr Shells, p. 119. « Jonrn. de Conch, ii. p. 245. 
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united with Claiisilia papillaris. No offspring seem to have 
resulted from what the professor calls ‘ this innocent error/ for 
the wall was carefully scrutinised for a long time, and no hybrid 
forms were ever detected. 

The same observer noticed, in the Luxembourg garden at Paris, 
and M. Gassies has noticed ^ at various occasions, union between 
Helix aspersa and nemoraliSy H, aspersa and vermiculatay between 
Stenogyra decollaia and a Helix (sp. not mentioned), H variahilis 
and pisanay H. nemoralis and hortensis. In the two latter cases 
a hybrid progeny was the result. It has been noticed that these 
unions generally took place when the air was in a very electric 
condition, and rain had fallen, or was about to fall, abundantly. 

Of marine species Littorina rudis has been noticed ^ in union 
both with L. ohtusata and with L. littoreay but no definite facts 
are known as to the result of such unions. 

Self-impregnation (see p. 44). 

Development of the Fertilised Ovum. — The first stages in 
the development of the Mollusca are identical with those which 
occur in other classes of animals. The fertilised ovum consists of 
a vitellus or yolk, which is surrounded with albumen, and is 
either contained in a separate capsule, or else several, sometimes 
many, ova are found in the same capsule, only a small proportion 
of which ultimately develop. The germinal vesicle, which is 
situated at one side of the vitellus, undergoes unequal segmenta- 
tion, the result of which is usually the formation of a layer of 
small ectoderm cells overlying a few much larger cells which 
contain nearly the whole of the yolk. The large cells are then 
invaginated, or are simply covered by the growth of the ectoderm 
cells. The result in either case is the formation of an area, the 
blastopore, where the inner cells are not covered by the ectoderm. 
The blastopore gradually narrows to a circular opening, which, in 
the great majority of cases, eventually becomes the mouth. e 
usual differentiation of germinal layers takes place, the epi as 
eventually giving rise to the epidermis, nervous system, an 
special sense organs, the hypoblast to the liver and to the mi e 

region of the alimentary tract, the mesoblast to the muse es, e 

body cavity, the vascular, the excretory and reproductive sys ms. 
The next, or trochosphere (trochophora) stage, involves the orma 

« 

^ Journ. de Cmichyl. iii. p. 107. , 

» Jeffreys, Bril. Conch, iii. p. 359 ; Sauvage, Joum. de Conchyl. xxi. p. • 
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tion of a circlet of praeoral cilia, dividing the still nearly spherical 
embryo into two unequal portions, tlie smaller of which consists 
simply of the prostomium, or part in front of the mouth, the 
larger bearing the mouth and anus. 

So far the series of changes undergone by the embryo are not 
peculiar to the Mollusca ; we now come to those which are 
definitely characteristic of that group. The stage next succeed- 
ing the development of the trochosphere is the definitive forma- 
tion of the velum, a process especially characteristic of tlie 

Gasteropoda and Pelecypoda, but apparently not occurring in the 
great majority of land Pulmonata. 

The circlet of cilia becomes pushed more and more towards 



old, X 285 ; B, larva of 37 liours, x 165 ; C, loDgitudinal section of larva of 34 
Hours, X 165 ; in, mouth ; v v, velum. (After Kowalewsky). 


the anterior portion of the embryo, the cilia themselves become 
longer, while the portion of the body from which they spring 
becomes elevated into a ridge or ring, which, as a rule, develops 
on each side a more or less pronounced lobe. The name velum 

is applied to this entire process of ciliated ring and lobes, and 
to the area which they enclose. 

In this so-called veliger stage, the velum serves, in the first 
place, to cause rotation of the larva within the egg-capsules, and 
after hatching, as an organ of locomotion. As a rule, the veluir 
disappears entirely in the adult mollusc after the free-swimmin<^ 
stage IS over, but in the common Limnaea stagnalis it persists, 
losing Its cilia, as the very prominent circuin-oral lobes. Simul- 
taneously with the development of the velum, and in some cases 
earlier, appear the rudiments of the shell-gland and of the foot. 
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the latter being situated on the ventral side, between the mouth 
and anus, the former on the dorsal side, behind the velum, and 
above the surface of the eventual visceral sac. Thus the prime 
characteristics of the veliger stage, subsea uent to the appearance 



Fio. 45. — Veliger of Patella vulgata 
L., 130 hours old : rudiraentaiy 
foot ; opy operculum ; i/f, shell ; 
V, V, velum. (After Patteu, highly 
magnified.) 


Fia. 46. — Developed larva of Cyclas cornea L. : 
5r, rudimentary branchiae ; 6//, byssus ; /, 
foot ; m.e, mantle edge ; sfi, shell, (After 
Ziegler, highly magnified.) 


of the velum itself, are the development of the visc^e.-.d sac and 
shell -gland on the upper, and of the foot on the under side. 
According to Lankester the primitive shell-gland does not, as a 



Fio. 47. — A, Advanced 
veliger of Dreissensxa : 
fy foot ; m, mouth ; sh^ 
shell ; 17, v, velum. (After 
Korschelt and Heider, 
much enlarged. ) B, 
Veliger of a Pteropod 
( Tiedemannia ) : op, oper- 
culum ; shy shell ; Vy 
velum. (After Krohn, 
much enlarged). 


rule, directly give rise to the shell of the adult mollusc, but 
becomes filled up by a horny substanc>e, and eventually disappears ; 
the permanent shell then forms over the surface of the visceral 
hump from the original centre of the shell-gland. It is only in 
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Chiton, and possibly in Lirnax, that tlie primitive shell-sac is 
retained and developed into the final shell-forming area, which 
is much wider, and extends to the edges of the mantle. Within 
the velar area first ap][)ear the rudiments of the tentacles and eyes ; 
when these become developed the velum atrophies and disappears. 

Several of these veligers wdien captured in the open sea have 
been mistaken for perfect forms, and have been described as such. 
Thus the larva of Dolium has been described as Macgillivrayia, 
that of a Purpura as Chelotropis and Sinusigera, that of 
Aporrhais pes pelecani as Ckiropteron, that of Marsenia conspicua 
)is Brownia, Echinospira, and Calcarella. 

Cephalopoda. — The embryonic development of the Cephalopoda 
is entirely distinct from that of ail other Mollusca. The 
segmentation of the vitellus A 

is partial, and the embryo is 

furnished with a vitelline 6r 

sac, which is very large in - e T ii ' ' 

the majority of cases 

48). There is no free- 

swimming stage, but the '/ ^ 

embryo emerges from the | A 

egg fully developed. V ' t I * 

Differences of Sex. — In 

the Mollusca there are two ^ 
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Jiiaiii types of sexual differ- . *111 

-riG. 48. — iwo .stages in the development of 
ence : ( 1 ) sexes separate (^dioe- LoUgo vulgaris Lam. : ai, first, and ao, 

cious tVDe^ rii^ rpyp«; imiL.rl pairs of arms; 6r, branchiae, seen 

turns tj pc;, (^u; sexes muted through mantle ; e, r, eyes ; Ji, 

in the same individual (he7‘- funnel ; f..v, vitelline sac. (After Kowal- 

'tnaplirodlte type). e''sk>.) 

In some c^tuses — e.g. certiiin relet-ypoda — what is practiftilly 
ii third type occur.s. The iiniimd is hermaphrodite, but the male 
and female elements are not developed simultaneously, i.e. the 
stime individuid is at one time feimtle, tit iinother male. 

1. Tlie sexes are separate iu 
All Cephalopoda, 

(histeropoda Ampliine^ira (excejit Neomeniidae). 

Gasteropoda Prosohranehiata (except Valvata tind some 
speci(‘s of Marsenia), 

Scaphopoda. 

Al ai 1 y Pelecypoda. 
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2. The sexes are united in 

Gasteropoda Opisthohranchiata. 

Gasteropoda Pulmonata. 

Certain Pelecypoda} 

In the dioecious Mollusca, sexual union is the rule, but is by 
no means universal. In some instances, — e.g. Vermetus, Magilvs, 
Patella, Haliotis, Crepidula, Chiton, the Scaphopoda — the form 
and habits of the animal do not admit of it ; in others (many 
Trochus') a male copulative organ is wanting. When this is the 
case, the male scatters the spermatozoa freely ; the majority must 
perish, but some will be carried by currents in the direction of the 
female. 

When the sexes are separate, the female is frequently larger 
than the male. This is markedly the case in Littorina, Buccinum, 
and all the Cephalopoda ; in Argonauta the difference is extreme, 
the male not being more than ^ the size of the female. 

Those hermaphrodite Mollusca which are capable of sexual 
union (Gasteropoda, Pulmonata and Opisthobranchiata) are con- 
veniently divided into two sections, according as (1) there are 
separate orifices for the male and female organs, or (2) one orifice 
serves for both. To the former section {Digonopora belong the 
Limnaeidae, Vaginulidae, and Onchidiidae, and many Opistho- 
branchiata, including all the Pteropoda ; to the latter {Mono- 
gonopora^) nearly all the Nudibranchiate Opisthobranchiata, and 
all the rest of the Pulmonata. In the latter case during imion, 
mutual impregnation takes place, and each of the two individuals 
concerned has been observed (compare p. 42) to deposit eggs. In 
the former, however, no such reciprocal act can take place, but 
the same individual can play the part of male to one and female 
to another, and we sometimes find a string of I/imnaea thus 
united, each being at once male and female to its two adjacent 

neighbours. 

The Reproductive System. — Broadly speaking, the compli- 
cated arrangements which are found in Mollusca resolve themselves 

into modifications of three important factors : 

(a) The gonads or germ-glands, in which are developed the 

• Hermaphroditism seems to occur in (a) whole families, e.g. AruUinidae and the 
Septibrandcia ; (6) genera, e.g. Cyclas, Ptsidium ; (c) single species, e,g, m ® 

generally dioecious genera Ostrea^ PeeUn, Cardium. 

* d6ia, two ; fi6yos, single ydpos, semen i ‘K’bpos, passage. 
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ova and the spermatozoa. These glands are generally known as 
the ovary in the female, the sperm-gland or testis in the male. 

(6) The channels which provide for the passage of the seminal 
products ; namely, the oviduct in the female, the vas deferens or 
sperm-duct in the male. 

(c) The external generative organs. 

Dioecious MoUusca. — The common Liitorina ohtusata will 
serve as a typical instance of a dioecious prosobranchiate, exhibit- 
ing the simplest form of organs. In the female the ovary, a 
lobe-shaped body, is embedded in the liver. An oviduct with 



Fiq. 49. Generative and other organs Fig. 50. — Generative and other organs 

of Littonna ohtusata L., feviale. of Liitorina ohtusata L., vude. 

A, anus. M, muscle of A, anus. M, muscle of attach- 

Br, branchia. attachment. Br, branchia. inent. 

Buc, buccal mass. O', female orifice. H, heart. Pe, penis. 

H, heart. Od, oviduct. I, intestine. Te, testis. 

Hep, hepatic duct. Oes, oesophagus. Li, liver. VD, vas deferens. 

I, continuation of Ov, ovary. (After Souleyet.) 

oesophagus Ba, radula. 

kidney. St, stomach. 

Bi, liver. XJ, uterus. 

(After Souleyet.) 

many convolutions conveys the ova into the uterus, an oblong 
chamber which consists simply of a dilatation of the oviduct. The 
ova descend into tlie uterus, which is sometimes furnished with a 
seminal pouch. In this seminal pouch, or above it, in the oviduct, 
the ova come into contact with the spermatozoa. The lower part 
of the uterus secretes a gelatinous medium (or capside, as the case 
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may be) in which the fertilised ova become enclosed previous t6 
exclusion. In position the oviduct abuts on the kidney, while the 
uterus is in close proximity to the rectum, and the fcmctlo cAotjuial 
oritice is found close to the anus, within the branchial cavity. 

The male organs of Littorina are more simple. The testis is 
lodged, like the ovary, in the liver ; the vas deferens is, like the 
oviduct, convoluted, and eventually traverses the right side of the 
neck, emerging near the right tentacle, and terminating in the 
penis or external copulative organ (Fig. 50). 

This system prevails, with but slight modifications in detail, 
throughout the prosobranchiate Gasteropoda. The most important 
modification is the passage of the seminal products in certain cases 
(many of the Diotocardia) through the right kidney, with which 
the oviduct and vas deferens always stand in close relation. The 
same arrangement occurs in the Scaphopoda and some Pelecypoda. 

The penis varies greatly in form and size. In the Strombidae 
(see Fig. 99) and Buccinidae (Fig. 62) it is very large and promi- 
nent ; in Littorina it is somewhat spinidose at one side , in 
Paludina a portion of it is lodged in the right tentacle, which 
becomes atrophied and much more obtuse than the tentacle on 


the left side. 

Spermatozoa. — The shape of the spermatozoa and of the 
ova in Mollusca is of the usual type. In Paludinay Ampullariay 
and certain species of Murex two types of spermatozoa occur, 
one hair-like, the other worm-like, three times as long as the 
former, and not tapering at one end. The former type alone 
take part in fertilisation, and penetrate the ovum. It has been 
suggested that these worm -like spermatozoa are a kind o 
incipient ova, and indicate a possible stage in commencing 
hermaphroditism. And, since the nearest allies of the Pro^ 
branchiata (in which these types occur) are hermaphrodite 
the Opisthobranchiata and Pulmonata), it is not unreasonab e to 
suppose that the Prosobranchiata should show some tendency 

towards hermaphroditism in their genital glands.' 

Cephalopoda. — The special characteristic of the reproductive 
organs in female Cephalopoda is the development of various glan s, 
some of considerable size, in connexion with the ovary an 
oviduct. Sepia, Loligo, and Sepiola are furnished with two large 
nidamental glands, which open into the mantle cavity indepen - 


1 Von Brunn, Arch, Mikr. Anal, xxiii. p. 413. 
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eiitly of the oviduct. Their pui^pose is to produce a viscid mucus, 
which envelops the ova at the moment of their emission and 
eventually hardens into the egg-capsules. A pair of accessory 
nidamental glands occur in Sepia^ as well as a pair of smaller 
glands situated on the oviduct itself. 

In many of the male Cephalopoda the vas deferens is long 
and dilated at its outer end into a glandular reservoir, within 
which are formed the spermatophores, or narrow cylindrical 
packets which contain a very large number of spermatozoa. 
When charged, the spermatophores pass into what is known as 
Needham's sac, where they remain until required for use. 
These spermatophores are a very characteristic part of the 
reproductive arrangements in the Cephalopoda. The male of 
Sepia has been noticed to deposit them, during union, upon the 
buccal membrane of the female. During the emission of the ova 
by the female, the spermatophores, apparently through the 
agency of a kind of spring contained at one end, burst, and 
scatter the spermatozoa over the ova. 

Hectocotylus Arm. — Perhaps the most remarkable 
feature in the sexual relations of all the Mollusca is the so- 
called hectocotylus of the Cephalopoda. In the great majority of 
the male Cephalopoda, one of the ‘ arms,' which is modified for 
the purpose in various ways and to a greater or less extent, be- 
comes charged with spermatophores, and sometimes, during union, 
becomes detached and remains within the mantle of the female, 
preserving for some considerable time its power of movement. 

The hectocotylus is confined to the dibranchiate Cephalopoda, 
and its typical form, i,e. when part of the arm becomes disengaged 
and left with the female, occurs only in three genera of the 
Octopodidae,viz. Argonauta, Ocythoe {Philonexis'), and Tremoctopus. 

In all of these, the male is many sizes smaller than the female. 

In Argonauta the third arm on the left side becomes hectocoty- 
lised. At first it is entirely enveloped in a kind of cyst, in such 
a way that only a small portion of the tip projects ; subsequently 
the cyst parts asunder, and allows the arm to become expanded 
to its full length, which considerably exceeds that of the other 
arms. At a certain point the acetabula or suckers terminate, 
and the remainder of tlie arm consists of a very long, tapering, 
sometimes thread-like filament, which is pointed at the extreme 
tip. It is not yet known how the spermatophores find their way 
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into the hectocotylus, or how the hectocotylus impregnates the 
ova of the female. The arm thus affected is not always the 
same. In Tremoctopus it is the third of the right side, in the 
Decapoda the modification usually affects the fourth of the left. 

This singular property of the male Cephalopoda has only 
recently been satisfactorily explained. It is true that Aristotle, 
more than twenty-two centuries ago, distinctly stated that certain 



Fig. .51. — Male of Ocyihoe ivhereu- 
lata Raf. ( = Philonexia catenu- 
laius, Fer. ), MediterraneaD, 
showing three stages, A, B, 
and C, in the development of 
the hectocotylus arm : h.cy, 
hectocotylus still in the cyst ; 
c'y\ spoon-shaped cyst at the 
end of the arm when free<l ; 
th, thread-like organ freed by 
the rupture of c’y\ Natural 
size. From specimens in the 
British Museum. 


of the arms were modified for sexual purposes Speaking of 
what he calls the polypus (which appears to represent the Octopus 
vulgaris of the Mediterranean), he says : ^ It differs from the 
female in having what the fishermen call the white sexual organ 
on its arm ; ’ again, " Some say that the male has something of a 
sexual nature (^alSoc&Se^ re) on one of its arms, that on which 
the largest suckers occur; that this -is a kind of muscular 
appendage attached to the middle of the arm. and that it is 
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entirely introduced within the funnel of the female/ Unfor- 
tunately the word translated by introd'uced is corrupt, and can 
only be restored conjecturally. He again remarks, ‘ The last of 
the arms, which tapers to a fine point and is the only whitish 

arm, it uses in sexual union/ ^ 

The typical hectocotylus seems to have entirely escaped 
notice until early in the present century, when both Delle Chiaje 
and Cuvier described it, as detected within the female, as a 
parasite, the latter under the name of Hectocotylus octopodis. 
Kolliker, in 1845-49, regarded the hectocotylus of Tremoctopus 
as the entire male animal, and went so far as to discern in it an 
intestine, heart, and reproductive system. It was not until 1851 
that the investigations of V4rany and Filippi confirmed a 
suggestion of Dujardiii,^ while H. Muller, in 1853, completed the 
discovery by describing the entii'e male of Argonauta. 

In all genera of dibranchiate Cephalopoda except Argonauta, 
Ocythoe, and Tremoctopus, one of the arms is sexually modified in 
various ways, but never becomes so much prolonged, and is never 
detached and left with the female. In Loligo Forhesii Stp. the 
fourth arm on the left has 23 pairs of regularly developed ace ta- 
bula, which then lessen in size and disappear, being replaced by 
long pedunculated papillae, of which there are about 40 pairs. 
In Loligo vulgaris Lam. and L, Pleii Orb. 18 or 19 pairs of 
acetabula are regularly formed, and then occur 40 pairs of papillae, 
as in Forbesii, In other species of Loligo {gahi Orb., brevis Bl., 
brasiliensis Orb.) only the outer row of suckers becomes modified 
into papillae after about the 20th to the 22nd pair. In Sepio- 
teuthis sepioides the modification is the same as in the Loligo 
last mentioned, but the corresponding arm on the right side is so 
covered with acetabula towards its extreme end, that it is thought 
that it in some way co-operates with the hectocotylised left arm. 

In Octopus, the third arm on the right side is subject to 
modification. This arm is always shorter than the corresponding 
arm on the other side, and carries fewer suckers, but is furnished 
at the extreme tip with a peculiar kind of plate, which connects 
with the membrane at the base of the arm by a channel of skin, 
which probably conveys the spermatophores up to the tip. 

^ HisL Anim. v. 6 and 12, iv. 1, ed. Bekker, 1837. 

^ ‘On pourra constater si ce ne seraient pas des parties detach4es de quelqiie cepha- 
lopode dans Ic but de servir le fecondation,’ Hist. Nat. Helminthes, 1845, p. 482. 
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Til Orfnjnut rnJr/an'.'i, tlie species referred to by Aristotle, the 
hectoeotylised arm is sliort. thin in its outer half and pointed at 
the extremity, while the fold of skin is very white, and gives 
the arm an appearance of being divided by a cleft at the 'side. 

At the same time, an unusual development of one or two suckers 
uii the arm is not uiicoinmon.^ 



Fio. 52 . — Octopus lentus Baird, N. Atlantic, showing the peculiar formation of the 

hectocotylus arm, h.a. (After Verrill, x J.) 

It is believed that in the Tetrabrancliiate Ceplialopoda 
{Nautilus) a union of the four inner ventral arms may correspond 
lunctionally to the hectcx:otylising of the arm in the Dibranchiates. 

Hermaphrodite MoUusca.— —{a) Mojwgonopora . — The repro- 
ductive system in the hermaphrodite Mollusca is far more compli- 
cated than in the dioecious, from the union of the male and female 
organs in the same individual. As a type of tlie Monogonopora, 
in whicli a single orifice serves for both male and female organs, 
may lie taken the common garden snail {Helix aspersa)^ the 
accompanying figure of which is di'awii from two specimens 
iound in the act of union (Fig. 53). 

beginning from the inside and proceeding outwards we Jiave 
firstly the hermaphrodite gland or ovo-testis (iLct), a yellowisli 
white juass of irregular shape, embedded in the liver (l.) and 
forming part of its spiral but not reaching cpiite to the apex. 
Within this gland are developed the ova and spermatozoa. The 
former are rather large round cells, produced witliin the outer 
wall of the gland, while the spermatozoa, which are produced in 
the more central part, are threadlike bodies, generally aggre- 
gated ill small bundles. From the hermaphrodite gland the ova 

* Steeiistnip, Ann. Mag. Nat. Hist. (2), xx. p. 81 f. 
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and spermatozoa pass through the upper part of the hermaphrodite 
duct (H.D.), which is always more or less convoluted. l^elow 
the convoluted portion, the duct opens into tlie alhumen gland. 
(a.g.), a large linguiform mass of tissue which becomes dilated 
at the time of pairing, and secretes a thick viscid fluid wliich 
probably serves to envelop the ova. Up to tliis point both 
the male and female elements follow the same course, but 


Fio. .53. — Genital'm of Helix aspersa 
Miiller, drawn from two indivi- 
duals in the act of union, from a 
dissection by F. B. Stead. 

A. G, albumen gland. 

C, coecum. 

Cr, crop. 

D, S, dart sac. 

E, eye (retracted) 

FI, flagellum. 

H.D, hermaphrodite duct. 

H.DF, ditto, female portion. 

H.DM, ditto, male portion. 

H.G, hermaphrodite gland. 

L, liver. 

M. G, M.G, mucous glands. 

Ov, oviduct. 

P.S, penis sac. 

R.M, retrataor muscle of penis. 

Sp, .spermatheca. 

V, vagina. 

V.D, vas deferens. 



on their exit Irom the albumen gland they diverge. The herma- 
phrodite duct l}ecomes gi-eatly enlarged, and is partially divided 
•liy a kind of septum into a male and female portion. These run 
parallel to one another, the larger or female portion (n.UF.), 
through which the ova pass (and which is sometimes termed the 
uterus) being dilated into a number of puckered folds, while the 
smaller or male portion (h.dm.) is compai’atively narrow, and 
not dilated. At their anterior end, the two portions of the duct 
separate completely from one another, the female portion being 

then termed the oviduct (ov.)- and the male portion the vas 
deferens (v.D.). 
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following first the oviduct, we find that it soon widens into 
the vagina (v.), wliich is furnished with a pair of mucous glands 
fM.G.), one on each side. These are much branched, and re- 
semble little bunches of whitish sea-weed. A little above the 
mucous glands a long tube diverges from the vagina, which is 
furnished with a produced coecum (c.) and a pouch, the spermatheca 
(SP.) at the extreme end. In this pouch, and in the duct leading 
to it, is stored the spermatophore received in union with another 
snail. J ust below the mucous glands the vagina is joined by the 
dart sac (d.s.), which is more fully described below. Finally, at 
its lower end the vagina unites with the penis sac at a point just 
posterior to the common orifice. 

Returning now to the male organs, we find that the vas 
deferens is the continuation of the male portion of the herma- 
phrodite duct, after its final separation from the female portion. 
It passes under the retractor muscle of the upper right tentacle, 
which has been cut away in the specimen figured, to dissect 
it out. Just before the vas deferens widens into the penis sac, 
it branches off into a long and tapering tube, the Jlagellumy in 
which the spermatozoa are stored and become massed together 
in the long packet known as the spermatophore. The penis sac 
(p.s.) is the continuation of the vas deferens beyond the point at 
which the flagellum diverges. It joins the vagina at its extreme 
anterior end, uniting with it to form the common genital aperture, 
which cannot be exactly represented in the figure. The penis 
itself lies in the interior of the penis sac, and is a rather long 
muscular tube which is protruded during union, but at other 

times remains retracted within the sac. 

In the Helicidae generally, the form of the generative organs 
varies with each separate species, sometimes merely as regards 
the size of the different parts, at others in the direction of greater 
simplicity or complication. The mucous glands may be absent, 
and the flagellum greatly reduced in size, or absent altogether. 

The Dart Sac .— A remarkable part of the reproductive 
system in many oT the true Helicidae is the so-called dart, Liehes- 
pfeily or telum veneris. It consists of ' a straight, or curved, some- 
times slightly twisted tubular shaft of carbonate of lime, tapering 
to a fine point above, and enlarging gradually, more often some- 
what abruptly, to the base.' The sides of the shaft are sometimes 
furnished with two or more blades ; these are apparently not for 
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cutting purposes, but simply to brace the stem. The dart is 

contained in a dart sac, which is attached as a sort of pocket 
to the vagina, at no gi’eat dis- 
tance from its orifice. There are 
four different forms of sac. It 
may be single or double, and each 
of these divisions may be bilobed, 
each lobe containing <>ne dart at 
a time. In Helix aspersa the 
dart is about in. in length, 
and -k in. in breadth at its base „ 

vi.r of British laud snails: 

rig. D^j, ^ Hyalmia excavata Bean ; B, Helix 

It appears most probable that <^ersa 

,x j , a Mull. (After Ashford.) 

the dart is employed as an ad- 

junct to the sexual act. Besides the fact of the position of 
the dart sac anatomically, we find tliat the darts are extruded 
and become embedded in the flesh just before or during tlie act 
of copulation. It may be regarded, then, as an organ whose 
punctures induce excitement preparatory to sexual union. It 
only occurs in weU-grown specimena When once it begins to 

form. It grows very rapidly, perhaps not more than a week being 
required for its entire formation. 

The dart is almost confined to ITelicidcie, a certain number 

of exceptions being known which border on Helix. Hyalinia 

mtida and excavata are the only British species, not Helices 

which are known to possess it. It has not been noticed to 

occur in the slugs, except in the N. American genus Tehenno- 

phorus. A1)out one-tliird of the British Helices are destitute of 

the dart.i H. rufescens possesses a double bilobed sac, but only 

two darts, which lie in the lower lobea It does not use the 

darts, and could not do so, from the relative sizes of dart and 

^ ; it has often been watched when uniting, but tlie use of the 

darts has never been observed. From this it has been inferred 

that tlie dai-ts are degenerate weapons of defence, and that they 

were in fact at one time much stronger organs and more often 

u^d This theory, however, does not seem consistent with the 

whole circumstances of the occurrence, position, and present use 
ot the darts. 

‘ c. Aslifonl, Jmmu of Coiuh. iii. p. 239, iv. pp. 69. 108. 

W. E. Colliuge, Zoolotjial^ 1890, p. 276. 




144 hermaphrodite MOLLUSCA, generative organs chap. 


Hermaphrodite MoUusca. — (h) Digonopora , — As an example 
of the Digonopora or hermaphrodite Mollusca with separate 
generative apertures for the male and female organs, we may 
take the common Liinnaea stagv/ilis (Fig. 55). It will be seen 
from the figure that the relative positions of the hermaphrodite 
gland and duct, and of the albumen gland, are the same as in 
Helix, When the oviduct parts company from the.vas deferens, 
it becomes furnished witli several accessory glands, one of which 
(Gi.E.) probably serves as a reservoir for the ova, and answers 
more or less to a uterus. The tube leading to the spermatheca 



Fm. 55. — Genitalia of Limnaea s/affnalis 
1 m (from a dissection by F. B. Stead), 
x2. 

A.G, albumen glan<l. 

Ac.G, accessor>' gland. 

F.O, female orifice. 

GI.E, glandular enlargement. 

H.D, hermaphrodite duct. 

H.G, hermaphrodite gland. 

Li, liver. 

M.O, male orifice. 

P, penis sac. 

Pr, prostate. 

E.M, retractor muscle of i>enis. 

Sp, spermatheca. 

V.D, vas deferens. 


is short, and there is no divergent coecum. The female 
lies near to the external opening of the branchial cavi y. 
vas deferens, which is very long, is furnished with a laige pros a 
gland. The i)eiiis sac is greatly dilated, and there is no age uni. 
The male orifice is Ijehind the right tentacle, slightly m a vance 

of the female orifice (compare Fig. 102). , 

Most of the Opisthobranchiaia, hut not all, have separa - 

orifices. Numerous variations from the type just de^n 
be found to occur, particularly in the direction of the F 
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meut of accessory glands, which are sometimes very large, and 

whose precise pm-pose has in many cases not been satisfactorily 
determined. 

Pelecypoda . — In the dioecious I’elecypoda, which form the 
great majority, the reproductive system is simple, and closely 
parallel in both sexes. It consists of a pair of gonads, which 
are either ovaries or testes, and a pair of oviducts or sperm- 
ducts which lead to a genital aperture. The gonads are usually 
placed symmetrically at the sides or base of the visceral mass. 
The oviduct is short, and the genital aperture is usually within 
the branchial chamber, thus securing the fertilisation of the ova 
by the spermatozoa, which are carried into the branchial chamber 
with the water which passes through the afferent siphon. 

Hermaphrodite Pelecypoda are rare, the sexes being usually 

separate. The following are assured instances: Pecten glaber, 

P. jcKobaeus, P. maximus, Osirea eduLis, Cardium norvegicum, 

Pisidtum pusillum, Cyclas cornea, Pandora rostrata, Aspergillurn 

dichotomum, and perhaps Clavagella. The greater number of 

these have only a single genital gland (gonad) on each side, 

with a single efferent duct from each, but part of the gland is 

male and part female, e.g. in the Pectens above mentioned. 

Pandora and Aspergillum have two distinct glands, respectively 

male and female, on each side, each of the two glands possessing 

its separate duct, and the two ducts from each side eventuaUy 

opening near one another. It appears probable that the Septi- 

brawhiata {Cuspidaria, Poromya, Lyonsiella, etc.) must also be 

added to the number of hermaphrodite Pelecypoda which have 
separate male and female glanda 

It IS worthy of remark that all the hermaphrodite Pelecypoda 
belong to forms decidedly speciaUsed, while forms distinctly 
primitive, such as Nucula, Solenomya, Area, and Trigonia are all 
dioecious. In Gasteropoda similarly, the least specialised forms 
the Amphxmura with the exception of the Neomeniidae, and 
the Rhipidoglossa) are dioecious. It is possible therefore that 
m the ancestors of the MoUusca the separation of the sexes had 
J^dy be^me the normal type of things, and that hermaphro- 

tTo;" “ ““"Pani- 

Development of Presh-water Bivalves.— The vast majority 

VOL. Ill ^ Pelseneer, CompUs Rendus, cx. p. 1081. 
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of fresh -water bivalves either pass the larval stage entirely 
within the mother, and do not quit her except in a perfectly 
developed form {Cyclas, Pisidium), or assume a mode of develop- 
ment in which free larvae indeed occur, but are specially modified 
for adaptation to special circumstances ( Unio). Cyclas and 
Pisidium, and no doubt all the kindred genera, preserve their ova 
in a sort of brood-pouch within the gills, in which the ova pass 
the earlier stages of their development. But, even so, the larva 
of these genera retains some traces of its original free-swimming 
habits, for a rudimentary velum, which is quite useless for its 
present form of development, has been detected in Cyclas, 

The larva of Dreissensia (see Fig. 47, A), so far as is at present 
known, stands alone among fresh- water bivalves in being free- 
swimming, and to this property has been attributed, no doubt 
with perfect justice, the fact of the extraordinarily rapid spread 
of Dreissensia over the continent of Europe (chap. xvi.). In 
expelling the ova, the parent slightly opens the shells and then 
quickly closes them, shooting out a small point of white slime, 
which is in fact a little ball of eggs. The general course of 
development is precisely parallel to that of marine Pelecypoda, 
greatly resembling, so far as form is concerned, certain stages in 
the growth of the larvae of Modiolaria and Cardiitm, as figiu'ed 
by Lov(3n.^ 

In June and July the larvae appear in large numbers on the 
surface of the water, when in spite of their exceedingly small 
size, they can be captured with a fine hand-net. They pass 
about eight days on the surface, feeding apparently on minute 
floating algae. During this time, the principal change they 
undergo is in the formation of the foot, which first appears as 
a small prominence midway between the mouth and anus, and 
gradually increases in length and flexibility. When the larva 
sinks to the bottom, the velum soon disapi^ears entirely, the foot 
becomes exceedingly long and narrow, while the shell is circular, 

strongly resembling a very young Cyclas. 

Larvae of Unionidae. — The early stages of the development 
of Unio and Anodonta (so far as the species of North America, 
Europe, and Asia are concerned) is of extreme interest, from 
the remarkable fact that the young live for some time para- 
sitically attached to certain species of fresh-water fishek In 

* Kon, VeL Akad. Ilavdl. 1848, j»j). 329-4-15. 
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order to secure this attachment, the larva, which is generally 
known as Glochidium, develops a long filament which perhaps 
renders it aware of the neighbourhood of a fish, and also a 
larval shell furnished with strong hooks by which it fastens 
itself to the body of its unconscious liost (Fig. 56). According 
to some interesting observations made by Mr. 0. H. Latter ‘ 
the ova pass into the external gill of the mother, in which is 
secreted a nutritive mucus on which they are sustained until they 
arrive at maturity and a suitable opportunity occurs for their 
being born.’ If this opportunity is deferred, and the Glochidia 
mature, their so-called ‘ byssus ’ becomes developed, and by being 


Fio, 





‘ bvsTiit- ‘"'mediately after it is hatched : ad, adductor muscle • hv 

fish r«r J . *’i ‘ *''*"• (Glochidium after it has been on the 

rneueeks: a.ady p.ad^ anterior and posterior adductors* al alimpnf«rv 

canal ; auditory vesicle ; hr, branchiae ; ; n.f, mantle ’(BalW) 


entangled in the gill filaments of the parent, prevents their 
escaping. It is interesting to notice that, when the nutritive 
mucus of the parent is used up, it becomes, as it were, the 

mil of the cJiildren to provide for themselves a secondary mode 
ot attachment. 

1 he mother Anodonta does not always retain the Glochidium 

until fish are m her neighbom-hood. Gentle stirring of the 

water caused tliem to emit Glochidium in large masses, if the 

movement was not so violent as to cause alarm. The lono' slimy 

masses of Glochidium were observed to be drawn back again within 

the shell of the mother, even after they had been ejected to a 
ulstaiice of 2 or 3 inches. 

It IS a mistake to assert that the young Glochidium can swim. 

len tliey finally quit the mother, they sink to the bottom, 

’ /'. X. s. 1891 , J,. r,‘2 f. 
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and there remain resting on their dorsal side, with the valves 
gaping upwards and the so-called byssus streaming up into 
the water above them. There they remain, until a convenient 
‘ host ’ comes within reach, and if no ‘ host ’ comes within a 
certain time, they perish. They are evidently peculiarly sensitive 
to tlie presence of fish, but whether they perceive them by smell 
or some other sense is unknown. “ The tail of a recently killed 
stickleback thrust into a watch-glass containing Glochidium throws 
them all into the wildest agitation for a few seconds; the valves 
are violently closed and again opened witli astonishing rapidity 
for 15—25 seconds, and then the animals appear exhausted and 
lie placid with widely gaping shells — unless they chance to have 
closed upon any object in the water (e.g, another Glochidiurri), in 

which case the valves remain firmly closed.” 

In about four weeks after the Glochidium has quitted its 

host, and the permanent shell has made its appearance within 
the two valves of the Glochidium^ the projecting teeth of the 
latter press upon the ventral edge of the permanent shell, at a 
point about half way in its lengthward measurement, retarding 
the growth of the shell at that particular point, and indenting 
its otherwise uninterrupted curve with an irregular notch or dent. 
As growth proceeds, this dent becomes less and less perceptible 
on the ventral margin of the shell itself, but its effects may 
be detected, in well-preserved specimens, by the wavy turn in the 
lines of growth, especially near the umbones of the young shell. 

Mr. Latter found that all species of fish with which he 
experimented had a strong dislike to Glochidium as an ® 

of food. Sometimes a fish would taste it just to try, u 
invariably spit it out again in a very decided manner. The (muse 
of unpleasantness seemed not to be the irritation produce in 
the mouth of the fish by the attempt of the Glochidium to attach 
itself, but was more probably due to what the fish consi ere a 
nasty taste or odour in the object of his attentions. 


The following works will be found useful for further study of 
this portion of the subject : — 

F. M. Balfour, Comparative Embryology, vol. i. pp. , ,, . 2ciU 

F. Blochmann, Ueber die Entwickelung von Neritina lluviatilia M 

wiss. Z<)ol. xxxvi. (1881), pp. 125-174. 
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The principle of respiration is the same in the Mollusca as in 

all other animals. The blood is purified by being brought, in 

successive instalments, into contact with pure air or pure water, 

the effect of which is to expel the carbonic acid produced by 

animal combustion, and to talce up fresh supplies of oxygen. . 

Whether the medium in which a mollusc lives be water or 

air, the effect of the respiratory action is practically the 
sam^. 

I Broadly speaking, jMollusca^jwhose usual habitat is the water 
‘ breathe ' water, while those whose usual habitat is the land 


/ breathe ’ But (this rule ha s its exceptions on both sides . ) 

The great majority of the fresh-water Mollusca wliich are not 
provided with an operculum (e.g. Limnaea, Physa, Planorhis^ 
breathe air, in spite of living in the watejr. They make periodic 
visits to the surface, and take down a bubble of air, returning 
again for another when it is e xhausted. (On the other hand 


many marine Mollusca which live between tide -marks ( e.g. Patella, 
Lxttorina^^ many species of Cerithium, Planaxis, and \ 

Nerita) are left out of the water, through the bi-diurnal recess 
of the tide, for many hours together.) (^Such species invaj-iably 
retain several drops of water in their branchiae, and, aided by 


the moisture of the air, contrive to support life until the water 
returns to them.j I Some species of Littorina {e.g. our own L. rudis 
and many tropical species) live so near high-water mark that at 
weak spring-tides it must frequently happen that theyare untouched 
by the sea for several weeks together, while they are frequently 
exposed to a burning suft, which beats upon the rocks to which 
they cling. In this case it appears that the respiratory organs 
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will perform their functions if they can manage to retain an 
extremely small amount of moisture/ 


/ 





i’ 


(r 
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The important part which the respiratory organs play in the 
economy of the MoUusca may be judged from the fact that the 
primary subdivision of the Cephalopoda into Dibranchiata and 
Tetrabranchiata is based upon the number of branchiae they 
possess. Further, the three great divisions of the Gastero poda 
have been named from the po sition or character of the breathing 
apparatus, viz. Prosobranchiata, Opisthobranchiata and Pulinonata, 
while the name Pelecypoda has hardly yet. disposse^ed Lamelli- 
branchiata, the more familiar name of the bivalves. 

^ liespiration may be conducted_by j nean s o f — (/x) Branc^.hiae or 
Gills^jlyVLung or Lung ou^er skin. 

^ In the ' Pelecypoda, Cephalopoda, Scaphopodg,, and the great 
majority of tlie Gasteropoda, respiration ^is by means o f branch iae, 
also known as ctenidia^ when they represent the primitive Mol- 
luscan gill and are not ‘secondary* branchiae (pp. 156, 159). 

• In all non-operculate land and fresh-water MoUusca, in the 
Auriculidae, and in one aberrant operculate {Amphihola), respira- 
tion is conducted by means of a lung-cavity, or rarely by a true 
lung, whence the name Pylmonata. The land operculates 
(Cyclophoridae, Cyclostomatidae, Aciculidae, and Helicinidae) also 
breathe air, but are not classified as Pulmonata, since other points 
in their organisation relate them more closely to the marine 
Prosobranchiata. Both methods of respiration are united in 
AmpuUaria, which “Breathes indifferently air through a long | 
siphon which it can elevate above the surface of the water, and 
water through a branchia (see p. 158). Siphonaria (Fig. 57) is 
also furnished with a lung-cavity as well as a branchia. Both 
hese genera may be regarded as in process of change from an 
ai^ueous to a terrestrial life, and in Siphonaria the branchia is to 
a ^eat extent atrophied, since the animal is out of the water, on 
■^ttieWfirage^ twenty two hours out of the twenty-four. In the allied ' 

genus Gadinia^ where there is no trace of a branchia, but only a 

% 

' The result-of some experiments by Professor Herdman upon Liltoriiia rudisi 
ds to show that it can live much better in air than in water, and goes far to support 
the view that the species may be undergoing, as we know many species must have under- 
gone (see p. 20), a transition from a marine to a terrestrial life. It was found that 
marked specimens ui>oii the rocks did not move their position for thirty-one successive 
days [Proc, Liverp* Biol, Soc. iv. 1890, p. *50). 

Diminutive of rrels, a comb. 
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lung-cavity, and in Cerithidea ohtusa, which has a piJmonary 




B 


Fig. 57. — A, Siphonaria gigas, 
Sowb., Pauaina, the animal 
coutracteil iu spirit : gr^ 
siphoiial groove on right 
side. B, Gadinia jjeru- 
via nay Sowb., Chili, shell 
only: gr^ mark of siphoiial 
groove to right of head. 


organisation exactly analogous to that of Cyclophorus} this 
process may be regarded as practically completed. 

' Respiration by means of the skin, without the development 

of any special organ, is the 
simplest method of breathing 
which occurs in tlie Mollusca. 
In certain cases, e.g. Elysia, Li- 
mapontiay and Cenia among the 
Nudibranchs, and the parasitic 
j Eatoconcha and EntocolaXy none 
of which possess breathing organs 
' of any kind, the whole outer 
surface of the body appears to 
perform respiratory functions. ^'^Tn 
others, the dorsal surface is cx)v- 
ered with papillae of varied size 
and number, which communicate 
with the heart by an elaborate 
system of veins. This is the case 
with the greater number of the 
Aeolididae (Jig. 58, compare Fig. 
5, C), but it is curious that when 
the animal is entirely deprived of 
these papillae, respiration appears 
to be carried on without inter- 
ruption through the skin. 

In the development of a distinct breathing organ, it would 
seem as if progress had been made along two definite lines, each 

* Stoliczka, quoted in Journ, de Conch, xviii. p. 452, 



Fig. 58 . — Aeolis despccia Johiist., British 
coasts. ( After Alder aud Hancock. ) 
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resulting iu the exposure of a larger length of veins, i.e. of a 
larger amount of blood, to the simultaneous operation of fresh \ 
air or fresh water. Either (a) the skin itself may have developed, V 
at more or less regular intervals, elevations, or folds, which gradually 
took the form of papillae, or else (6) an inward folding, or in- 
vagination,* of the skin, or such a modification of the mantle- 
fold ^ is described below (p. 172) may have taken place, 
resulting in the formation of a cavity moie or less surrounded 
by. walls, within which the breathing organs were ultimately 
developed. Sometimes a combination of both processes seems to 
have occurred, and after a papilliform organ has been produced, 
an extension or prolongation of the skin has taken place, in 
order to afford a protection to it. Bespira^ iQD.J^^^ of a 
lung-cavity is certainly subsequent, in point of time, to respiration 

B5^Tr[eahs of branchiae. 

t The branchiae seem to have been originally paired, and 
I arranged symmetrically on opposite sides of the body. It is not 
; easv to decide whether the multiple form of branchia which 
/ occurs in Chitou (Fig. 59), or the simple form as in Fissurelld 



Panama, showing position of the 
! Fig. 69. — Chiton sqvuiinosus L., Bermuda : branchiae : Br, branchiae ; E, E, eyes ; 

j A, anus ; Br, branchiae ; M, mouth. F, foot ; M. mantle ; T, T, teniaclea 


(Fig. 60), is the more primitive. Some authorities hold that 
the multiple branchia has gradually coalesced into the simple, 
: others that the simple form has gi*own, by serial repi^ition, 

I into the multiple. There appears to be no trace of any inter- 
mediate forms, and, as a matter of fact, the multiple branchia is 
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found only in tlie Amphincura, while one or rarely two (never 
more) pairs of branchiae, occur, with various important modi- 
fications, in the vast majority of the Mollusca. 

Ainphincurd . — In Chiton the branchiae are external, forming 
a long row of sliort plumes, placed symmetrically along each side 
oi the foot. Ihe number of plumes, at the base of each of which 
lies an ospliradial patch, varies from about 70 to as few as 
G or 7. When the plumes are few, they are confined to the 
posterior end, and thus a])proximate to tlie form and position of 
tlie brancliiae in tlie other Amphineura. | In Chaetoderma, the 
liranchiae consist of two small feather - shaped l)odies, placed 
symmetrically on eitlier side of the anus, which opens into a sort 
ot cloaca within wliich the branchiae are situated. In Keornenid 
the branchiae are still furfher degraded, consisting of a single 


# 



Ficj. 61. — Terminal jiortions of the Ampliineura, illustrating the gradual degradation 
of the branchiae, and their grouping round the anus in that class. . A, Chiton 
{ Ilcmiarthrum) setulosus Carp., Torres Str. ; B, Chiton {Leptochtlon) henthus Hadtl., 
Torres Str.; C, Chaetodemtui ; D, Neomenia ; a, anus; br^ bf\ branehiae ; /, A;, 
kidneys ; y;, pericardium. (A and B after Haddon, C and D alter Hubrecht.) 


bunch of filaments lvin<^ within the cloaca, while in Proneomenin 
there is no more than a few irregular folds on the cloaca-wall 
(Fig. 61). 

t In the Prosolrrarichiatay symmetrically paired branchiae occur 
/only in the Fissurellidae, Haliotidae, and Pleurotomariidae, in thi^ 
j former of which two perfectly equal branchiae are situated on 
/ either side of the back of the neck. These three families taken 

/ together form the group known as Zygoh'anchiata} In aU other 
families the asymmetry of the body has probably caused one of 
the branchiae, the right (originally left), to become aborted, and 
cr)nsequently there is only one braiichia, the left, iii^fhe vast 
majority of marine l^rosobranchiata, which liave been ficcordingly 

• I 

* a yoke, from the .symmetrical position of the branchiae. 
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grouped as Azygobramhiata. Even in Haliotis tlie right branchia 
is rather smaller than the left, '^ile the great size of the att^h- 
nient muscle causes the whole branchial cavity to become pushed 
over towards the left side. In tliose forms which in other respects 
most nearly approach The Zygobranchiata, namely, the Trochidae, 
Neritidae, and Turbinidae, the branchia has two rows of filaments, 
one on each side of the long axis, while in all other Proso- 
branchiata there is but one row (see Fig. 79, p. 169). 

^yln the great majority of marine Prosobranchiata the branchia 
is securely concealed within a chamber or pouch (the respiratory 
cavity), which is placed on the left dorsal side of the animal, 
geneially near the back of the neck. For breathing purposes, 
water has to l>e conveyed into this chamber, and again expelled 
attei it has passed over the branchia, '^n the majority of the 
vegetable-feeding molluscs (e.g. Lit- 
toriiia^ Cerithium, Trochus) water 
is carried into the ^cha mber by jx 
simple prolongatioii^oFl5ne" of the 
lobes or lappets of the mantle, and 
makes its exit by the same way, 
the incoming and outgoing currents 
l>eing separated by a valve - like 
fringe depending from the lobe. 

the carnivorous molluscs, on the 
otlier hand, a regular tube, the 
hraiichicd siphon^ which is more 
or less closed, has been developed 
from a fold of the mantle surface, 
for the special purpose of con- 
ducting water to the branchia. 

After performing its purpose there, 
the spent water does not return 
through the siphon, but is con- 
ducted towards tlie anus by vibra- 
tile cilia situated on the branchiae 

lutnl^r of cases, this siplion is protected throughout its entire 
length hy a special prolongation of the shell called tlie canal. 
Sometimes, as in Bmcinum and Purpura, tliis canal is little more 
than a mere notch in tlie ‘ mouth ’ of the shell, but in many of 
le uricidae (e.g. M. kaustelluni, tenuispina, tribnlus) the canal 



Fro. 62. — Jlnllia laexrissivid Gniel., 
showing branchial siphon S ; F, F, f] 
foot ; OP, operculum ; P, penis ; 
Pr, proboscis ; T, T, tentacles. 
(After Quoy and Gaimard.) 


themselves. [I In. a lar^»‘e 
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becomes several inches long, and is set with formidable spines 
(see Fig. 164, p. 256). In Dolium and Cassis the canal is very 
short, but the siphon is very long, and is reflected back over the 
shell. 

The presence or absence of this siphonal notch or canal forms 
a fairly accurate indication of the carnivorous or vegetarian 
tendencies of most marine Prosobranchiata, which have been, on 
this basis, subdivided into Siphonostomata and Holostomata. But 
this classification is of no particular value, and is seriously 
weakened by the fact that Natica, which is markedly ‘holo- 
stomatous,' is very carnivorous, while Cerithium, which has a 
distinct siphonal notch, is of vegetarian tendencies. 

the Zygobranchiata the water, after having aerated the 
blood in the branchiae, usually escapes by a special hole or holes 
in the shell, situated either at the apex (^Ftssurelld) or along the 
side of the last whorl {Haliotis\ In Pleurotomaria the slit 
answers a similar purpose, serving as a sluice for the ejection of 
the spent water, and thus preventing the inward current from 
becoming polluted before it reaches the branchiae (see Fig. 

179^ p. 266). 

^^In Patella the breathing arrangements are very remarkable. 
In spite of their apparent external similarity, this genus possesses 
no such symmetrically paired plume-shaped branchiae as Pis- 
surellay but we notice^ a circlet of gill-lamellae, which extends 
completely round the edge of the mantle. It has been shown by 
various authorities that these lamellae are in no sense morpho- 
logically related to the paired branchiae in other Mollusca, but 
only correspond to them functionally. The typical paired 
branchiae, as has been shown by Spengel, exist in Patella m a 
most rudimentary form, being reduced to a pair of minute ye ow 
bodies on the right and left sides of the back of the nec 
precisely similar abortion of the true branchiae, an sf^ia 
development of a new organ to perform their work, is s ow 
in Phyllidia and Pleurophyllidia (see below under Opistno- 
branchiata). This circlet of functional gills in Patella has there- 
fore little systematic value, being only developed in an unusua 
position, like the eyes on the mantle in certain Pelecypoda, to supp y 
the place of the true organs which have fallen into disuse. 
ingly Cuvier’s class of CyclohraTichiatay which included 
and Chiton, has no value, and has indeed long been discarded. 






the land Proaobranchiata (Cyclostomatidae, Cyclophoridae, 
Aciculidae, HelicinidaeJ^ich, having exchanged a marine for 
an aerial life, breathe air instead of water, the branchia has 
completely disappeared, and breathing is conducted, as in the 
Pulmonata, by a lung-cavity. In certain genera of land oper- 
culates, e.g. Pupina, CataiUus, Plevocyclus, a slight fissure or tube 
in the last whorl (see Fig. 180, p. 266) serves to introduce air 
into the shell, which is perhaps otherwise closed to air by the oper- 
culum. In Aidopovta, which has no tube, the operculum admits 
free circulation of air. In certain other Cyclostomatidae the apex 
is truncated, and air can enter there. De Folin closed with wax 
the aperture of Cycl. eleyans, and found that on placing it in 
pneumatic machine, the shell gave off air through its whole sur- 
face. On the. other hand, Cylindrella and Stenoyyra decollata. 
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In Chiton the gills never extend completely round the animal, 
but are always more or less interrupted at the head and anus. 
They are the true gills, the plumes being serially repeated in the 

same way as the shell plates. 


Fiq. 6Z.— Patella vulgala L., seen from the 
ventral side : /, foot ; g.l, circlet of gill 
lamelliui ; wi.6, edge of the mantle ; viUf 
attachment muscle ; slf slits in the same ; 
sh, shell ; v, vessel carrying aerated blood 
to the heart ; v\ vessel carrying blood from 
the heart ; ve, small accessory vessels. 


Fig. 64. — Patella vtdgata L. , seen from 
the dorsal side after the removal of the 
shell and the black pigment covering 
the integument ; the anterior portion of 
the mantle is cut away or turned back : 
a, anus ; 6r, br, remains of the true 
branchiae (ctenidia) ; i, intestine ; A:, k\ 
kidneys ; k.a])^ their apertures on each 
side of the anus ; If liver ; wt, rn, mantle ; 
mUf attachment muscles, severed in re- 
moval of shell ; f, tf tentacles. 
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on being submitted to tlie same test, sliowed that tlie truncated 
part alone wiis permeable by air. 

i ischer and Bouvier have made some interesting observ’’ations 
on the breathing of a species of A.in'pvXlaria {iiisvlarxim Orb.). 
The species has, in common with all Ampullar ia^ two siphons, 
but while the right siphon is but slightly developed, the left is 

very long, almost twice as long as the 
shell (see Fig. 65). The animal, when 
under the water, lengthens its siphon, 
brings the orifice to the surface, and by 
alternately raising and depressing its head 
produces in the pulmonary sac movements 
of ex- and inspii'ation ; these are repeated 
about ten or fifteen times at regular 
intervals of from six to eight seconds, 
a method of respiration strongly resem- 
bling that of the Cetacea. At the same 
time, branchial respiration takes place. 
If powdered carmine is added to water, 
the particles are seen to enter the bran- 

Ortrf“^'^reathing ^^ial cavity by the siphon and pass out 

by the sliort right siphon. Sometimes 

the animal remains under water for 
^ isjmg to the surface to 

rLr;'±£s:: ii"" i e®) ‘he 

branchia is very large, and projects like 
a leaf or fan above the shell on the left side ; on the correspond- 
ing position on the right side is a long filiform appendage, which 
some have regarded as representing the other branchia. 
jyOpisthohranchiaia. — A true branchia occui’S only in the Tecti- 
branchiata and the Ascoglossa. It lies on the right side, and is 
usually more or less external, being partly covered sometimes by 
the shell (as in Umbrella, Fig. 5), sometimes by a fold of the 
mantle. In the Pteropoda (which are probably derived from the 
y I Tectibranchiata), all the Thecosomata, with the exception of 

Cavolinia, have no specialised branchia . but probably respire 

through portions or the whole of the integument. In the 
Gymnosomata an accessory branchia has in many cases been de- 
veloped at the posterior end of the body. Pnmmoderinon alone 
lias botli lateral and jjosterior bniiichiae well developed, Clione 


Fio. 65. 

art/wi 

water ; B, breathiog air ; Si. 
siphon ; T, upper ; t, lower 
tentacles ; X, pallial ex- 
jiansion, performing the part hourS without risi 
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and Halojisyche are destitute of either, while the four remaining 
families have one branchia, sonietimes lateral, sometimes posterior.^ 
Certain of the Nudibranchiata possess 
no special breathing organs, and pro- 
bably respire through the skin {Elysia, 

Limapontia y Cenio, PhyllirThoe). The 
majority, however, have developed sec- 
ondary branchiae, in the form of promi- 
nent lobes or leaf-like processes (the 
cerata)y which are carried upon the back, 
without any means of protection. These 
cerata are, as a rule, of extreme beauty 
and variety of form, consisting sometimes 
of long whip -like tentaculae, in other 
ciises of arborescent plumes of fern-like 
leafage, in others of curious bead-like appendages of every imagin- 
able shape and colour. In Doris they lie at the posterior end of the 



Fig. 66. — Vidrata piscinalis 
Miill. : l/Ty branch ia ; fila- 
ment ; foot lobes. (Alter 
Bontan.) 



Fig. 67. — Doris [Archidoi'is) 
tnhercxdaia L., Britain : </, 
anus ; bi\ branchiae, sur- 
rounding the anus ; 7n, male 
organ ; /7t, vVt, rliinophores. 

X g. 



Fig. 68. — PlexirophyllUlia lincata 

Otto, Mediterranean : n, anus 

secondary branchiae ; m, mohth ; 

s.o. sexual orifice / 

' / 


l)ody, ill a sort of rosette, which is generally capable of retraction 
into a chamber. In Fhyllidia aiiil these secondary 

branchiae lie, as in PatcUa, on the lateral portions of tlu* mantk 

* rclseiu'c*!', * ChaUrm/rr* Jbporfs, vol. xxiii. part. Ixvi. 
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^ The Scaphopoda in all probability possess neither true nor 
secondary branchiae. 

Fulmonata . — When we use the term ‘lung/ it must be 
remembered that this organ in the Mollusca does not correspond, 
morphologically, with the spongy, cellular lung of vertebrates ; 
it simply performs the same functions. \ The ‘ lung,* in the 
Mollusca, is a pouch or cavity, lined with blood-vessels which 
are disposed over its vaidted surface in various patterns of 
network. The pulmonary sac or cavity is therefore a better 
name by which to denote this organ. 

It seems probable, as has been already shown (pp. 18-22), 
that all Pulmonata are ultimately derived from marine forms 
which breathed water by means of branchiae. Thus we find inter- 
mediate forius, such as Siplionaria, possessed of both a branchia 
kud a pulmonary sac, the former being evanescent, while in 
Uadinia and Ainphibola it has quite disappeared. In the vast 



Fio. 69 . — Geomalacus Tncuyiclosus Alim., S. Ireland : P.0, pnlmonary orifice. 


majority of Pulmonata no trace of a branchia remains , its function 
is performed by a chamber, always situated at the right side of 
i the animal, and generally more or less anterior, admitting air by 
a narrow aperture which is rhythmically opened and closed, p n 
( Arion and Geomalcucus (Fig. 69) this aperture is in the front of t e 
right side of the 'shield/ in Umax (Fig. 71) in the hinder part, 
in Testacella (Fig. 20) it is near the extremity of the tail, imder 
the spire of the shell ; in Janella it is on the middle of t e rig 
edge of the shield (Fig. 70). If a specimen of Helix uspersa, 
or better, of H. poinatia, is held up to the light, the u i u 
arborescent vessels, with which the upper part of the p 
chamber is furnished, can be clearly seen by looking throng 
aperture as it dilates. It is only in the AuricuUdae ^at an 
actual spongy mass of lung material appears to exist. en m 
motion, a Helix inspires air much more fretiuently than w 
at rest. Teiuperatme, too, seems to affect the number of msp 
tions ; it apiiears doubtful wliether, during hibernation, a sna 
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breathes at all. In any case, the amount of air required to 
sustain life must be small. 

With regard to the respiration of fresh-water Pulmonata there 
appears to be some difference of opinion. It is held, on the one 
hand, that the Limnaeidag only respire air, making periodic visits 
to the surface to procure it, and that they perish, if prevented 
from doing so, by asphyxiation. If, we are told,^ as a Limiiaea 
is floating on the surface of the water in a glass jar, a morsel of 
common salt be dropped upon its outstretched foot, it will sink 



Fio. 70 . — JaneUa hirudo Fio. 71 . — Limajc maximus "L. \ PO, pulmonary 
Fisch., N. Caledonia : orifice. x §. 

G, generative orifice ; P, 
pulmonary orifice ; T, T» 
tentacles. (After Fis- 
cher. ) 

heavily to the bottom, emitting a stream of air from its pulmon- 
ary orifice. On recovering from the shock, it will anxiously 
endeavour to regain the surface, but will liave some difficulty 
in doing so, owing to its now much greater s^jecific gravity. 
When it succeeds, it creeps almost out of the water, and exposes 
its respiratory orifice freely to the air. If the experiment is 
repeated several times on the same individual, it becomes so much 
weakened that it has to be taken out of the water to save its 

* Zoologist, xii. p. 4248. 
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life. Moquiri-Tandon, onjbhe oth er hand, is strongly of opinion^ 
that there is no absolute necessity for Limnaea to obtain air by 
rising to the surface, and that, if prevented from emerging, it can 
obtain air from the water. When covered in by a roof of ice, 
Livnncieci has not been observed to suffer any inconvenience. 
Moquin-Tandon kept L. glabra and Plmnorhis rotundatus in good 
health under 20 mm. of water for eighteen and nineteen days, 
and relates a case in which Physa was kept alive under water 
for four days, and Planorhis for twelve. Young specimens; both 
of Limnaea and Planorhis, do not rise to the surface for a supply 
of air ; they are hatched with the pulmonary cavity full of water. 

• It* is probable, therefore, that Limnaeidae are capable, on 
occasion, of respiration through the skin^ Some authorities are 
of opinion that certain long and narrow lamellae, situated within 
the pulmonary sac, are employed for the purpose of aqueous 
respiration. Ancylus, which never makes periodic excursions to 
the surface, perhaps respires by receiving into its pulmonary 
chamber the minute quantities of oxygen given off by the 

vegetation on which it feeds. 

Limn.ieidae taken from a great depth of water, e.g, from 
fathoms in the lake of Geneva, have been examined by Forek^^ 
The pulmonary sac is full of water, but there is no transformation 
of organs, no appearance of a branchia, to meet the changed cir \ 
cumstances of their environment. Doubtless a good deal o ) 
respiration is done by the skin ; being soft and vascillar, j 
it respires the air dissolved in the water. iorel cites cases 
of Limnaea living at much shallower depths, which come to 
the surface once, and then remain below for months. T e 
oxygen of this supply must soon have become exhausted, an t e 
animals, discontinuing for a time the use of the pulmonary 
chamber, must have respired through the skin. Shallow wa 
Limnaea, according to the same authority, remain beneath t e si^ 
face during cold weather ; when warm weather returns t ey rise 
to the surface to take in a supply of air. Since the water at grea 
depths is always very cold, there is no need for the Limnaea iving 

there to rise to the surface at all. . . 

It is a curious fact that which have been 

by the skin for the whole winter, should suddenly, on t ® 
warm days of summer, take to rising to the surface and breatmng 

» Mollusquts France, L p. 81. ^ N. DerOc, Schw, Ocs. xxix. (2) p. 196 f. 
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air. But exactly the same phenomenon is shown in the case of 
Limwua from great depths. Placed in an aquarium, they 
immediately begin rising to the surface and inspiring air ; in 
other words, they experience instantaneously a complete trans- 
formation of their respiratory system. 

In a land pulrnonate which has retrogressed to an •, 

amphibious or quasi-marine mode of Ufe, there is no organ which 
represents the pulmonary or branchial cavity, the so-called lung I 
being only a cavity of the kidney. Respiration is, however, ) 
conducted by the skin as we U, and by the dorsal papUlae.’ 

Land MoUusca can sustain, for a considerable time, complete 
deprivation of atmospheric air. HeUces placed in an exhausted 
receiver show no signs of being inconvenienced for about 20 hours, 
and are able to survive for about two or three days. If detained 
under water, they are very active for about 6 hours, then become 
motionless, the body swells, owing to the water absorbed, and 
death ensues in about 36 hours. Immersion for only 24 hours 
is generally followed by recovery In the latter case, the cause 
of death is not so much deprivation of air as compulsory absorp- 
tion of water by the skin. The ammmt of water thus taken up 
■is' surprising. Spallanzani found that a Helix which weighed 1 8 
grammes increased in weight by 13^ grammes after a prolonged 
immersion. Even slugs enclosed in moist paper gained more 
than 2 grammes in the course of half an hour. Experiment has 
9hown that the amount of carbonic acid gas produced by respira- 
tion stands in dirwt rehition to the amount of food consumed. 
Four pairs of snails were taken which had recently awakened 
from their winter sleep and had eaten heartily, and an equal 
number, under the same circumstances, which had been prevented 
from eating. It was found that the first four pairs produced, in 
consuming a given amount of oxygen, 11, 9, 10, and 13 pwts 
respectively of carbonic acid, while the second set produced, in 
consuming the same amount of oxygen, only 4, 8, 7, and 9 parts 
of ^rbonic acid.* Hibernating Helices, if' weighed in December 
an again in April, will be found to have l^t weight, due to the 
expiration of carbonis acid. Owing to the difficulty of experi- 
ment, opinions vary as to the absolute temperature of snails. It 
appears to be established that several snails, if placed together in 
a tube, raise the temperature one or two degrees C., but as a rule, 

‘ Bergh, Jahrh. x. p. 172. » p. pi^eher. Jaum. dt Conch, i.x. p. 101. 
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the temperature of a solitary Helix differs very slightly from that 
of the surrounding air. Increased activity, whether in respiration 

or feeding, is found to raise the temperature. 

W. H. Dali, writing of the branchia in Pelecypoda, remarks ^ 

that there can be no doubt that its original form was a simple 
pinched-up lamella or fold of the skin or mantle. This, elongated. 


Fio. 72. — Cardium 
tdvle L. : A, anal ; 
B, branchial siphon ; 
F, foot (After 
Mbbios.) 



becomes a filament. Filaments united by suitable tiasue, trusse , 
propped, and stayed by a chitinous skeleton, result in the 
wonderful in number and complexity, which puzzle the stu en 

to describe, much more to classify. 

In Pelecypoda the branchiae are placed on each side ot t e 

body, between the mantle and the visceral mass. T ey le in 







FIO. 7Z.-S.robUularia piperata Gmel., in its 

or anal siphon ; B, afferent or branchial siphon. (Alter monius , 

chamber known as the branchial cavity. ^ 

cavity, and behind it, are, as a rule, two tu^ or % 

.„.y .tto it ha, p.,«d o^r then.. The l..er 
Wan^kial or X li«» of the,^ 

S. lil^hJrved by plLng a Wtle e«™h„ i. ^.et. 

1 Bv21 Miu. d Z, Harv. xviiL p. 434. 
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near to the siphonal apertures of an Anodonta or Uiiio. In 
many cases (e.g. Psammohia, TelliTUty Mya, genera which burrow' 
deeply in sand) both the siphons are exceedingly long, sometimes 
considerably longer than the whole shell. In some cases the two 
tubes are free throughout their entire length, in others they be- 
come fused together before their entrance within the shell (Fig. 
74). In other genera, which do not burrow (e.g. Ostreay PecteUy 
Area, Mytilus\ the siphons are rudimentary or altogether absent 

(Fig. 75 > 

The number and arrangement of the branchiae varies con- 



Fio. 74. SoIccutIils stri^Hlatus U., Fio. 75 . — MytHus tdulis L., attach6(i by its byssus 
Naples : s.a/, afferent siphon ; (By) to a piece of wood : F, foot ; S, anal siphon, 

a.efy efferent siphon, the two the branchial siphon being below it and not 

uniting in externally to tlie closed. (After Mdbius.) 

shell. X 


siderably. It appears probable that the different degrees of 
complication of the gill indicate degrees of specialisation in the 
different groups of»l* filecypo da, in other words, assuming that a 
simpler form of gill pfec^esi in point of development, a more 
wmpli&ted form, the nature off the giU may be taken as indicat- 
ing. different degrees of removal from the primitive form of 
bivalve. 
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1. The simplest form of gill (^Niu vhi^ Leda^ Soleuomya,^iii,) is 
that \vlii('h consists (fhg._7ji^V, compare Fig. 100, p. 1^01) of two 
n^vs of V(‘iy short, l>roa(l, not reflected filaineiits, the rows ))eing 
placed in sucli a way that they incline at right angles to one 
another from a common longitudinal axis. The filaments are not 
connected with one anotlier, nor are the two leaves of each gill 
united at any point. {Protohranchiata.^ 

2. Tn th(^ Anomiidaey Arcfidae, Trigoniida^, and Mytilidaee^cYi 
gill consists of twa> plates or rows of much longer filaments, which 
consequently occupy a much larger space in the mantle cavity 




76._Morpliologv of the liranchtae of Pelecypoda, seen diagram matically in section : 
A, linUol/r anch iata ; B, FiUhranchiata ; C, EiUamellibranchi^a ; D, 
branrhiata ; c, external row of filaments ; i, t, internal row of filaments , e. > 
ternal row or plate folded hack ; i\ internal row folded back ; /, foot , man e , 
s, septum ; x\ visceral mass. (From A. Lang.) 
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(Fig. 76JB). Unable to extend l)eyond the limits of the mantle, 
filaments are reflected or doubled back upon one another, those 
of the external plate l)eing reflected towards the outside, those of 
^ tlie internal plate towards tlie inside. Each 

separate filament is not connected with the 
filament next adjacent, except by surface 
cilia situated on small projections on the 
sides of the filaments, and interlocking with 
the cilia of the adjacent filament. The two 
superposed plates or leaves of the gill may or 
may not be united by cords running between 
the two parts of a filament. (^FilihrarichicttiP) 
Tn the. PeMinictHe, Aviculidtu, and 
a, further development, takes 

ciliary junciioiiH ; f, place. The filaments of each giU ^ . 
filament. (After Peck.) game Way as in the Fili- 

Iranchiata, but the part thus reflected may be^me completely 



Fio. 7r. - 

meiits 

highly 

ciliary 


# 

Four gill hla- 
of MyiUv, Qgtreidae 

magnified ; cj, 
junctions 
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* 

united or ‘ eoncresce ' witli tlie mantle on the exterior und 

« 

with tlie base of the foot on the interior side. The leaves of 
each gill plate, which have thus become doubled (the gills being 
apparently two instead of one on eacli side), are folded or crum- 
pled, and the filaments are modified at the re-entrant angles of 
the fold. (^Fseudolaviellihranchiata.) 

4. In all the remaining Fel ecypoda , except class 5, in other 
words, in the very large majority of families, the filaments are 
either reflected, as in (3), or v 
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P^iG. 78. — Transverse section of portion of 
an outer gill plate of Anodonta, highly 
magnified inner lamella; il\ outer 
lamella ; ilj^ interlamellar junctions ; r, 
large vertical vessels. (After Peck.) 


simple ; but the process of con- 

crescence is so far advanced v r jh Iripl j!' 

that the adjacent filaments are 

always intimately connected 

with one another in such a 

way as to admit the passage 

of the blood ; and the leaves ^ ^ ^ 

of each gill-plate (Fig. 76, C) '8- -transverse section of portion of 

are united by cross channels in magnified:,//, inner lamella; il\ outer 

a similar wav ( Eul am elU- J^niella ; Uj, interlamellar junctions ; r, 

Himiidi wa). ^rjUtameu^ large vertical vessels. (After Peck.) 

hranchiata.^ 

5. In certain of the Anatincvcea alone {Cuspidaria^ Lyorisidla, 
Poromya, Silenia) the gills are transformed into a more or less 
muscular partition, extending from one adductor muscle to the 
other (Fig.76, D), and separating off the pallial chamber into two 
distinct divisions, which communicate by means of narrow slits 
in the partition. {Septibi'anicliiata?) 

Thus/ahe process of gill development in the Pelecypoda 
appears 4o lea d up from a simple to a ve ry comp lex typ^ In 
its original form, at all events in the most primitive form known 
to us, the giU is a series of short filaments , quite independent of 
one another, stru ng in two ro ws; then the filaments become 
longer and double back^ wTiile at the same time they begin to 
show signs of adhesion, as^et^olily 'superficial, to one anotlier. // 
In a furtlTer stage, the reflected portions become fused to the ' ^ 
adjacent surfaces of the foot and mantle, while the interlamellar 
junctions serve to lock the two gill-plates together ; finally, the 
mere ciliary junction of adjacent filaments is exchanged for inti- 
mate vascular connection, while the gill-plates as a whole become 
closely fused together in a similar manner. ^ 

This theory of origin is strengthened by closer obser^’^a- 
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tion of the phenomena of a single group. Taking the Septi- 
branchiata as an instance, we find that in Lyonsiella the branchiae 
unite with the mantle in such a way as to form two large pallial 
chambers, the structure of the branchiae being preserved, and 
their lamellae covering the partition. A further stage is 
observed in Poromya, There, a similar partition exists, but it 
has become muscular, preserving, however, on each side two 
groups of branchial lamellae, separated one from the other by a 
series of slits, which form a communication between the two 
pallial chambers. A further stage still is seen in Silenia, There 
the same muscular partition exists, but the branchial lamellae on 
either side have disappeared, the slits between the two chambers, 
which occur in Poromya, still persisting, but separated into 
three groups. Cuspidaria represents the last stage in the 
development. In the ventral chamber there appears nothing at 
all corresponding to a branchia ; the surface of the partition 
appears perfectly uniform, but on careful examination three little 
separate orifices, remains of the three groups of orifices in Silenia, 

are observed.^ 

Relation between Branchiae and Heart. The object of t e 
branchiae being, as has been already stated, to aerate the bloo 
on its way to the heart, we find that the heart and the branchiae 
stand in very important structural relations to one anot er. 
When the branchiae are in pairs, we find that the auricles ^ I' ^ 

heart are also paired, the auricl^ on the right and left 
supplied by the right and left branchiae respectively. ns is 
the case with the Dibranchiate Cephalopods {Argonauta, Octopv^^ 
Loligo, etc.), the Zygobranchiate Prosobranchs (Fissurella HaH 
otis), and all Pelecypoda. In tho^mphineur a (^Chiton, qIo.) ^ 
are two auricles corresponding to the two sets of 
branchiae. In the _casfi^of the Tetrabranchiate Cep a v 
{Nautilus) there are four auricles corresponding to each ot 
four branchiae. CompafeTFig. 79, A, B, C, P,_E*_ 

On the other hand, when the branchia is single, or w en o 
branchiae are on the same side, and one is aborted and function ^s, 
the auricle is single too, and on the same side as tl^ ^ 

This is the case with the Tectibranchiate Opisthobranchs ( ' 

Scaphander, etc.), all the Pectinibranchiate Prosobranc s 
glossa, Taenioglossa, and Ptenoglossa), and the other Azy^ 

> Pelsencer, CompUa Rendus, cvi. p. 1029. 
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chiate Prosobranchs (Trochidae, Neritidae, etc.). In the last case 
the right auricle exists, as well as the left, but is simply a closed 



Fio. 79. — Diagram illustrating the relations between branchiae, heart, and aorta in the 
Mollusca : A, In Chiton ; B, Pelecypoda ; C, pibranchiate Cephalopoda ; D, Tetra- 
branchiate Cephalopoda ; E, Prosobrauchiata Zygobranchiata ; F, Prosobranchiata 
Azygobranchiata ; G, Prosobranchiata Monotocardia ; H, Opisthobranchiata Tecti- 
branchiata: 1, Ventricle;’ 2, Auricle; 3, Aorta; 3a, Cephalic aorta ; 36, Visceral 
aorta ; 3c, Posterior aorta. (From A. Lang.) 

sac, the coalescing of the two gills on the left side having thrown 
all the work upon the left auricle. Compare Fig. 79, F, G, H. 

Circulatory System. 

All Mollusca, without exception, possess a circulatory system 
of more or less complexity. The centre of the system is the heart, 
wliich receives the aerated blood from the breathing organs, and 

propels it to every part of the body. In the Scaphopoda alone 
there appe<irs to Ije no distinct heart. 

The heart may consist simply of a single auricle and vent- 
ricle, and an aorta opening out of the ventricle. From the 
aorta the blood is conveyed to the various parts of the body by 
arteries. Veins convey the blood back to the breathing organs, 
after passing over which it returns by the branchial or pulmonary 
vein to the heart, thus completing the circuit. 
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As regards position, tlie heart is situated within the pericardium, 
a separate chamber which in the Pelecypoda, Cephalopoda, and 
the ))i laterally symmetrical Gasteropoda lies on the median line, 
while in the asymmetrical Gasteropoda it is on one or other of the 
sides of the body, usually the right. The veins connected with 
the branchiae, and consequently the auricle into which they open, 
are situated hehind the ventricle in the Opisthobranchiata (whence 
their name), while in the Prosobranchiata they are situated in 
front of the ventricle. 

The number of auricles corresponds to the number of branchiae. 
Thus there is only one auricle in the great majority of Proso- 
branchiata (which are accordingly classified as MonotocardicC), 
and also in the Opisthobranchiata, while the Pulmonata have a 
single auricle corresponding to the pulmonary chamber. There 
are two auricles in the Amphineura, in a small group of Gastero- 
poda, hence known as Diotocardia, in all Pelecypoda, and in the 
Dibranchiate Cephalopoda. In the Tetrabranchiate Cephalopoda 
alone there are foiu* auricles corresponding to the four branchiae. 

A single aorta occurs only in the Amphineura and in the 
Tetrabranchiate Cephalopoda. In all the other groups there are 
two aortae, leading out of the anterior and posterior ends of the 
ventricle in Pelecypoda and Dibranchiate Cephalopoda, while a 
single aorta leads out of the posterior end alone, and subsequently 
bifurcates, in most of the Gasteropoda. One aorta, the cephalic, 
supplies the front part of the body, the oesophagus, stomach, 
mantle, etc. ; the other, the visceral aorta, supplies the posterior 

part, the liver and sexual organs. 

The general circulatory system in the Mollusca has not yet 
been thoroughly investigated. As a general rule, the blood driven 
from the ventricle through the aorta into the arteries, passes, on 
reaching the alimentary canal and other adjacent organs, into a 
number of irregular spaces called lacunae. These in their turn 
branch into sinuses, or narrow tubes covered with muscular tissue, 
which penetrate the body in every direction. In the Dibranchiate 
Cephalopoda true capillaries are said to occur, which in some cases 
form a direct communication between the arteries and veins. 
According to some authorities ^ capillaries and veins exist in 
certain Pelecypoda in connexion with the intestinal lacunae, but 
this again is regarded by others as not established. A similar 

* E,g. Kollmanii, Zeit, wiss, Zool. xxvi. p. 87. 
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diflerciicc of opinion occurs with regard to the precise function of 
the foot-pore which occurs in many Mollusca, some holding that 
it serves as a means for the introduction of water into the blood- 
vascular system, while others regard it as a lorm of secretion 
gland, the original pui’pose of which has perhaps become lost. 

BjQOd. — As a rule, the blood of the Mollusca — ix. not the cor- 
puscles but the liquor sanguinis — is colourless, or slightly tinged 
with blue on exposure to the air. This is due to the presence 
of a pigment termed haemocyanin, in which are found traces of 
copper and iron, the former predominating. Haemoglobin, the 
colouring matter of the blood in Vertebrates, is, according to Lan- 
keater,^ of very restricted occurrence. It is found — (1) in special 
corpuscles in the blood of Solen legumen (and Area Hoae); (2) in 
the general blood system of Planorbis ; (3) in the muscles of the 
pharynx and jaws of certain Gasteropoda, e.g. Limnaea, Paludina, 
Littorina, Chiton, Ajplysia. This distribution of haemoglobin is 
explained by Lankester in reference to its chemical activity ; 
whenever increased facilities for oxidisation are required, then it 
may be present to do the work. The Mollusca, being as a rule 
otiose, do not possess it generally diffused in the blood, as do the 
Vertebrata. The actively burrowing Solen possesses it, and 
perhaps its presence in Planorbis is to be explained from its re- 
spiring the air of stagnant marshes. Its occurrence in the 
pharyngeal muscles and jaws of other genera may be due to the 
constant state of activity in which these organs are kept.^ 

According to Tenison- Woods ^ a species of Area {trapezia Desh.) 
and two species of Solen, all Australian, have red blood. It is 
suggested that in these cases the habits of the animal (the Solen 
burrowing deeply in sand, the Area in mud) require some highly 
oxidising element, surrounded as the creature is by ooze. In Area 
pexata (N. America) the blood is red, the animal being familiarly 
known as the ‘ bloody clam.' Burrowing species, however, are 
not all distinguished by this peculiarity. Tenison-Woods finds 
red fluids in the buccal mass of many Gasteropoda, e.g. in species 
of Patella, Aemaea, Littorina, Trochus, Turbo, giving the parts the 
appearance of raw meat. 

^ Proc. Roy. Soc. 1873, p. 70. 

* Gricsbach {Arch. mikr. AncU. xxxvii. p. 22) finds liaenioglobin in several 
bivalves, e.g. Poromya granulata, TelUna plaimta. Area Noae, and Pectuiiculm 
glycimeris. 

® Trans. Roy. Soc. N. S. Walts, xxii. p. 106. 
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The Mantle 

On the dorsal side of the typical molluscan body, between the 
visceral sac and the shell, lies a duplicature of the integument, 
generally known as the mantle. The depending sides of the 
mantle, which are usually somewhat thickened, enclose between 
themselves and the body mass a chamber of varying size and 
shape, called the mantle cavity, which communicates freely with 
the external air or water, and encloses and furnishes a protection 
for the organ or organs of respiration. On its upper or dorsal 
surface the mantle is closely applied to the shell throughout its 
whole extent, 'the cells with which it is furnished secreting the 
materials from wliich the shell is formed (see p. 25^. The whole 
mantle is capable, to some degree, of secreting sheUy matter, but 
the most active agent in its production is the mantle edge or 

margin. 

In the Prosobranchiata the mantle cavity, for reasons which 
have already been explained, is found on the left side of the 
animal, its front portion being in many cases produced into a 
tubular siphon. Within the mantle cavity are found, besides the 
branchia, the anus, the apertures of the kidneys, and the 
osphradium. In the Pulmonata the mantle fold encloses a so- 
called lung-cavity. The front edge of the mantle coalesces with 
the integument of the neck in such a way as to enclose the 
cavity very completely, the only communication with the outer 
air being by means of the contractile breathing or pulmonary 
aperture on the right side. In the Tectibranchiate Opistho- 
branchs the mantle fold is inconsiderable, and is usually 
not of sufficient extent to cover the branchia, while in t e 
Nudibranchs, which have no true branchiae, it disappears 
altogether. 

In the Pelecypoda the mantle cavity is equally developed on eac 
side, enclosing the two sets of branchiae. The mantle may thus 
be regarded as consisting of two equal portions, which form a sort 
of lining to the two valves. The lower or ventral portion of the 
mantle edges may be simple, or provided with ocelli {Pecten, Area), 
tentacles, cilia {Lima, Lepton), or doubled folds. The two portions 
of the mantle touch one another along the whole line of t e 
edge of the two valves, and, although thus in contact, may remain 
completely separate from one another, or else become permanent y 
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united at one or more points. This fusion of the mantle edges 
corresponds to important clianges in the organisation of the 
animal as a whole. The anal and branchial siphons are no more 
than prolongations ol the mantle edges on the posterior side into 
a tubular form. These ‘ siphons ’ exhibit the siphonal form more 
distinctly according as the adjacent portions of the mantle become 
more definitely fused together. 

This progressive fusion of the mantle edges may be taken as 
indicating definite stages in the development of the Telecj-poda. 
A perfectly free mantle edge, joined at no point with the edge 
of the adjacent mantle, occurs in Nuculu, Area, Anomia, and 
Trirjonia (see Fig. 80, A, B). Here there is nothing in the 





Fio. 80. — Diaj^am illustrating the various stages in the closing of the mantle in Pelecy- 
poda : A, mantle completely open ; B, rudiments of siphons, mantle still completely 
open ; C, mantle closed at one point ; D, mantle closed at two points, with com- 
plete formation of siphonal apertures ; E, development of siphons, ventral closure 
more extended ; F, mantle closed at three points, with fourth orifice : /, foot ; s.a, 
S.6, anal and branchial siphons ; 1, 2, 3, first, second, and third points of closure of 
mantle. (After A. Lang.) 


nature of a siphon, either anal or branchial ; in other words, no 
contrivance exists to prevent the spent water which has passed 
over the l)ranchiae from Ijecoining mixed with the fresh water 
which is to reach them. When the mantle edges are fused at 
one point only, this is invariably on the middle part of- the 
posterior side, thus separating off an anal opening which may 
become prolonged into a tube-like form. At the same time the 
adjacent underlying portions of the mantle edges draw together, 
without actually coalescing, to form an opening for the incurrent 
stream of water, the rudiments of the ‘branchial siphon' (Fig. 8,Q^). 
This is the case with most Mytilidae (see Fig. 75) with Car- 
dita, Astarte, and Pisidium, In the next sta^ the branchial 
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opening is separated off by the concrescence of the mantle edges 
beneath it, and we have the mantle united in two places, thus 
forming three openings, the ventral of which is the opening for 
the protrusion of the foot (Fig. 80, D). This is the case in 
Yoldia, Leda, the majority of the Eulamellibranchiata (e.g. Lucina, 
Cyrena^ Donax, Psammohia, Tellina, Venus, Cardium, Mactra\ and 
all Septibranchiata. In Chama and Tridacna the fused portions 
of the mantle become more extended, and in Pholas, Xylophaga, 
Teredo, Pandora, and Lyonsia this concrescence takes places over 
the greater length of the whole mantle edge, so that the mantle 
may be regarded as closed, with the exception of the three 
apertures for the foot and the two siphons (Fig. 80, E). 

In certain genera there occurs, besides these three apertures, a 
fourth, in the line of junction between the pedal and branchial 
orifices. It appears probable that this fourth orifice (which has 
been regarded by some as an inlet for water when the siphons are 
retracted), stands in relation to the byssal apparatus (Fig. 80, F). 
In Lyonsia, for instance, a thick byssus protrudes through the 
orifice, which is large and open. In Solen, Lutraria, Glycimeris, 
Cochlodesma, Thracia, Aspergillum, and a few more genera, which 
have no byssus, the orifice is very small and narrow. It is 
possible that in these latter cases, the byssal apparatus having 
become atrophied, the orifice has been correspondingly reduced 
in size.^ 

Mantle Reflected over the Shell. — It is sometimes the case 
that the mantle edges tend to double back over the external sur- 
face of the shell, and to enclose it to a greater or less extent. 
When this process is carried to an extreme, the edges of the 
reflected mantle unite, and the shell becomes completely internal. 
We see an incipient stage of this process in Cypraea and Mar^ 
ginella, where the bright polish on the surface of the shell is due 
to the protection afforded by the lobes- of the mantle. A con- 
siderable portion of the shell of Scutus is concealed in a similar 
way, while in Cryptochiton, Lamellaria, and Aplysia the shell is 
more or less completely enclosed. Among Pulmonata, it is possible 
that in forms like Vitrin^, Parmacella, Limax, and Arion, we 
have successive stages in a process which starts with a shell com- 
pletely external, as in Helix, and ends, not merely by enveloping the 
shell in the mantle, but by effecting its disappe^ance altogether. 

* Pelseneer, CompUs Rennjdus, cx. p. 154. 
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In VitriTUi and some allied genera we have a type in which the 
mantle lobes are partly reflected over the shell, which at the 
same time exhibits rather less of a spiral form than in Helix. 
In the stage represented by Parmacella, the mantle edges have 
coalesced over the whole of the shell, except for a small aperture 
immediately over the spire ; the nucleus alone of the shell is 
spiral, the rest considerably flattened. In Limax the shell has 
become completely internal, and is simply a flat and very thin 
plate, the spiral form being entirely lost, and the nucleus repre- 
sented by a simple thickening at one end of the plate. In Arion, 
the 6ual stage, we find that the shell, being no longer needed as 
a protection to the vital organs, has either become resolved into 
a number of independent gran\iles, or else has entirely dis- 

appeared. 

Some indications of a similar series of changes occur in the 
Pelecypoda. The mantle edge of LcjptoTi is prolonged beyond the 
area of the valves, terminating in some cases in a nmnber of 
filaments. In Godeomma and Scintilla the valves are partially 
concealed by the reflected mantle lobes, and in a remarkable form 
recently discovered by Dali ^ {Chlamydoconcha) the shell is com- 
pletely imbedded in the mantle, which is perforated at the 
anterior end by an orifice for the mouth, and at the posterior 
end by a similar orifice for the anus. In all these cases, 
except Lepton, it is interesting to notice that the hinge teeth 
have completely disappeared, the additional closing power gained 
by the external mantle rendering the work done by a hinge un- 
necessary. It is quite possible, on the analogy of the Gaster- 
opoda mentioned above, and also, it may be added, of the 
Cephalopoda and other groups, that we have here indicated the 
eventual occurrence of a type of Pelecypoda altogether deprived 
of valves, a greatly thickened mantle performing the part of a 
shell" 

The following works will be found useful for further study of 
this portion of the subject : — 

P. Bernard, Recherches sur les organes pall6aux des Gastdropodes proso- 
brancheS *. Ann. Sc. Nat. Zool. (7) ix. (1890), pp. 89-404. 


^ Science, iv. p. 60. 

* P. Fischer, Joum. de Ctmchyl. (3) xxvii. p. 201. 
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hundreds on gigantic medusae which are stranded on the sandy 
bays near the Cape of Good Hope. Dr. J. G. J effreys says ^ that 
(juantities of the common Neptunea antiqua “ are procured on the 
Cheshire coast by the fishermen placing a dead dog on the sands 
at low-water mark during spring tides. The bait is then com- 
pletely covered with stones, which are piled up like a cairn. On 
the next turn of the tide the heap of stones is visited, and the 
whelks are found on the surface in great numbers, having been 
apparently attracted by the smell of the bait, but unable to get 
at it.” Mr. W. A. Lloyd kept specimens of Nassa reticulata in 
a tank in the sand, at the bottom of which they usually remained 
buried. If a piece of meat of any kind were drawn over the 
sand, the Nassa would appear above the surface in a few minutes. 
Half-picked beef or mutton bones, if placed in the tank, were 
covered in a few minutes. In fact, no animal matter, whether 
living or dead, could be introduced without the Nassa smelling 
it, and coming up to see what they could get.*^ 

Any one can experiment for themselves on the olfactory 
powers of our common snails or slugs. Moquin-Tandon records ® 
two interesting cases, one communicated to him by letter, the 
other occurring to himself His correspondent, a M. Parenteau, 
was one day walking along a dusty high-road, when he noticed, 
near the middle of the road, an empty bean-pod and two Arions 
eating it. Attributing the meeting of feeders and food to mere 
chance, he was walking on, when he noticed a second bean-pod, 
and, about two yards away from it, a third Arion, hurryinc^ 
straight towards it. When the Arion had yet more than a yard 
to traverse, M. Parenteau picked up the bean and put it in his 
pocket. The Arion stopped, raised its head, and turned in every / 
direction, waving its tentacles, but without advancing. M. 
Parenteau then carried the bean to the other side of the road^ 
and put it in a small hole behind a piece of stone. The Arion, 
after a moment’s indecision, started off straight for the bean.' 
Again the position of the precious morsel was changed, and 
again the Arion made for it, this time without being further 
tantahsed. M. Moquin-Tandon noticed, one rainy day in the 
0 anical gaidens at Toulouse, two Limax maximus approaching 
a rotten apple from different directions. He changed the position 

J ^ Conchology^ i. p. xxviii. 

’ MoUusquta de France, i. p. 130. 
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of the apj)le several times, placing it at a sufficient distance, to 
be sure they could not see it, but they always hit it off correctly, 
after raising their heads and moving their long tentacles in every 
direction. It then occurred to him to hold the apple in the air, 
some centimetres above the head of the Limax. They perceived 
where it was, raised their heads and lengthened their necks, 
endeavoirring to find some solid body on which to climb to their 


food. 

Several of the land Mollusca have the power of exhaling a 
disagreeable smell, Hyalinia alliaria smelling strongly of garlic, 
and Stenogyra decollata of laudanum ; but this need not be any 
argument for the sense of smell in the creatures themselves. 

Position of Olfactory Organs in Pulmonata.— Most authori- 
ties are of opinion tliat the olfactory organs are situated in the 
tentacles. Moqnin-Tandon considered that in the Helicidae and 
Limacidae the sense of smell is confined to the little knob or 
elevation at the end of the longer tentacles, close to the eye. Me 
found that when he cut off these tentacles both in Lima^ and 
Arion, the creatures were quite unable to discover the w lerea ou s 
even of strongly-scented food. The same author believed that 
in the Basommatophora the cense of smell was piesen in 
whole of the tentacle, which is covered with an ^ 

sensitive ciliated epithelium. Lacaze-Dut lers, , 

the olfactory sense in this group at the ou er ® ° 
of the tentacles, near to the eyes. 

and locate it in a pedal gland near the which jtmns 

conspicuous sensitive cells. A Hehx whose juj. 

removed manifested its repulsion to the sme ^ j 

peotine, while another Heli. "W^ell'Urn ^ " 
object to the turpentine being held 

Altogether, then, the exact position of th fipt^rmined. 

Helicidae must be considered as not yet ^ 

Simroth holds that the sense of smell is ^^^‘^"b'lted over the 

whole soft integument, and is especially concen ra ^ 
feelers, and in the neighbourhood of the respiratory on ce 
In nearly all marine Mollusca yet examined, the orga 
or osvhradium is in situation intimately connected \n 
breathing organs, being generaUy placed near their base, with th 


* £.g. Sochaczewer, Ztits. wiss. Zool, xxxv. p. 30. 


» Zool, Anz, 1882, p. 472. 
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object, apparently, of testing the quality of the water before it 
passes over the branchiae. It consists of a patch of the 
epithelium, moditied in a special manner, and connected by its 

own nerve with one of the visceral ganglia. 

An osphradium does not necessarily occur in all genera ; for 
instance, it has not been detected in Fissurella. It is most 
highly specialised in the Conidae, and in the carnivorous 
Glasteropoda generally. In F'lccciiiuvi 'UTidatuvij loi instance, it is 
very large indeed, and, from its plumed form, has sometimes 
been mistaken for an accessory branchia (Fig. 95). In Haliotis 
it is paired, one lying in close proximity to each of the two 

branchiae, but in Turbo it 
is single, corresponding to 
the single branchia. In 
Chiton there is an osphra- 
dium at the base of each 
separate gill filament, mak- 
ing a total of twenty or 
more on each side. Its 
position in Physa and in 
Cyclostoma will be seen by 
reference to Figs. 103 and 
104 (p. 205). In the Pele- 

cypoda the osphradia are paired, and lie adjacent to the posterior 
adductor muscle, close to the hinder end of the axis of the branchiae. 
In the Tetrabranchiate Cephalopoda there are two osphradia, placed 
between the bases of the two pairs of gills. In the Dibranchiates 
on the other hand, a groove above the eyes has been regarded as 
the seat of the organ of smelL This groove contains sensory and 
ciliated cells, and appears to be connected with a special nerve 
centre of its own, which ultimately is derived from the cerebral 
ganglion. 

Scarcely any instances of the exercise of the sense of smell on 
the part of bivalve Mollusca have been recorded. Something of 
the sort, however, seems to have been present in a case related by 
Mr. E. E King.^ A skull of a fox had been placed in a small 
ditch in order to soak, and after a few days, when taken out, was 
found to be covered with Pisidiurn 2 >usiJlum to the number of 
at least two hundred, which had been probably attracted from the 

^ Zoologist, iv. p. 1266 . 


Fig. 95 . — Buccinum undntum L. , deprived of 
its shell, showing the relative position of 
branchia {hr) and osphradium ( 05 ) ; m, mucous 
glands ; s, siphon. The portion of the mantle 
covering the osphradium has been removed. 
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water in the immediate neighbourhood by the smell of the 
decaying flesh. 

IV. Hearing 

Experiments made with a view to ascertain whether the 
Mollusca are sensitive to noises have usually led to the con- 
clusion that they are deaf to very loud sounds. This is the 
more curious, because an undoubted auditory apparatus has been 
discovered in a large number of genera. In the case of an 
experiment, it is not easy to be sure that the animal is not 
affected, at least in part, by the shock or jar, rather than by the 
actual sound. In some experiments, however, conducted at the 
Plymouth Marine Biological Laboratory, Mr. Bateson found ^ 
that Anornia could be made to shut its shell by smearing the 
glass of the tank with the finger in such a way as to make a 
creaking sound. It was evident that the cause of alarm was not 
the jarring of the solid framework of the tank, for the same 
result occurred when the object on which the Anomia were 
fixed was suspended in the water by a thread. It was found 
that the sound had to be of a particular pitch to excite the 

attention of the mollusc. 

As a rule the organ of hearing is nothing more than a small 
vesicle or sac (the otocyst), filled with a fluid secretion, in which 
are suspended one or usually more calcareous concretions known as 
otoliths. By means of cilia, which connect with sense-cells, these 
otoliths are given a peculiar movement or oscillation in the 
medium in which they are suspended. The number of the 
otoliths varies in different genera and species , there are 
hundreds in Avion and I/irriaxCy about a hundred in e %x 
vomatiay nemoralis, hispidUy arhustoruniy rotundatUy Svcctiua 
putriSy and Limnaea stagnalis ; about fifty in Planorhis con 
and Physa fontinalis, only one in Cyclostoma elegans. The numt^i 
increases with age. In young specimens of ^mn. stagna 

as few as ten, nine, and seven have been noticed. 

The otocysts are always paired, and, in Gasteropoda, are 
placed close to the pedal ganglia. The acoustic nerve, however, 
has been shown by Lacaze-Duthiers to connect with the cere ra 
ganglia in certain cases. The otocysts are never on the surface 

^ Joum. Mar. Biol. Ass. N.S. ^ p. 2l7. 

» Moquin Tandon, Moll, de FrancSy i. p. 133. 
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of the body and are rarely connected with it by any passage or 
tube ; it is probable therefore that sound reaches them simply 
through the medium of the tissues. 

In the Pelecypoda the otocyst is similarly situated near the 



Fia. 96. — Illustrating the otocyst in A, Anodonta^ B, Cyclas ; ot^ otolith ; a, 6, c, c\ 

cellular layers surrounding the chamber ; ci, cilia on interior ■walls of chamber : 

C, an otolith crushed. (After Simroth.) 

pedal ganglion, and is probably (though this has not yet been 
proved) similarly connected with the cerebral There is only a 
single otolith. Pelseneer finds ^ in Nuculidae alone a free com- 
munication between the otocyst and the exterior. Anodonta has 
been observed ^ to withdraw its foot into the shell at the noise 
of an opening door, a loud voice, or a shrill whistle, whether in 
a basin of water or lying on a study table. 

Delage extirpated the otocysts in certain Octopoda, and 
obtained some unexpected results. He found that remarkable 
effects were produced upon the animals powers of locomotion, so 
that it was unable to preserve its proper balance in the water 
when in rapid motion, but its body was forced to undergo a form 
of rotation more or less pronounced. He concluded that the 
otocysts must possess, besides their auditory functions, a power 
which stands in some relation to the proper orientation of the 
body in locomotion, a power which is not wholly supplied by 
sight and touch alone. The otocysts may thus regulate locomo- 
tion by stimulating muscular acts which tend to keep the body 
in the straight line during the process of movement.^ 

^ Zool. Jahrh, Aluu. iv. (1890) p. 501. = Baudon, PUv. Mag, Zool, 1852, p. 575. 

® Arch. Zool, Exp. Gen, (2) v. 1887, p. 2 ; compare also C. H. Hurst, Natural 
Science, ii. pp. 350, 421. 
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The Foot 


^ One of the most characteristic organs of the Mollusca is t he 
foot, wliicli, under one fo rm o r another, occurs throu ghout the 
whole phyluin. The foot is a thickening, on the ventral side, 
of a portion of th^ pnteg^ument of^Iie aiiim af ^ modified to serve 
different forms of motion. I t attains its maximum relative area 
in the Cliitonidae, many Nudibr anchs, and the slugs ge nerally, 
in nearly all of which there is no portion of the body which is 
nof subtended by the foot. Here toQ it presents the form pfm 
regular disc or ell^se, whic^ iiior^ or less pipduced. In^j^ny 
cases, ’'.'er, the foot- becomes modified in such a way that 

we are enabled to recognise well-marked ^aipterior _and posterior 
portions, wliich hav(^ received the name of j^oj^d ium and rneta- 



G. ^7,-Sinarelys laerigatus Lam., showing excessive 

(^r) and n.etapodium (meO in a rnollusc living m sand f 
only the liver and adjacent parts, has been 

of proboscis, here detiected from the median line , ^ tentacles. ( Q y 
Gaimard. ) 


'podiu m^ resp ecHvely, while the intervening centra por lo 

termed _tl^ mesojpodiAijri. , . , 

The pr op odi um _is most s trongly develop ed in ^ 

crawl about in wet sand, e.g. Natica , Sigaretu s, QJm!'> 
Scaphander (Figs. 9 7 and 9 8, and compare Fig. 91). In 
it "seems to serve as a sort of fender or snow^^Joiigb* to pu 
sand away on both sides of the path the animal is traversing. 
In some species of Sigaretus the propodium becomes as it werey 
banked up against the head and proboscis, which are ^ 
unnaturally elevated, or tend to disappear altogether. 

V^Fig. 62), which crawls about rapidly on wet sand, api«a 
to attainlts object by a wide extension of the foot on all « fis, 
and so slides over the sand instead of ploughing throug » 
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the little lappets at the end of tlie ' tail ’ probably serve as 


-^Melamvus and Fedipes the propodium is marked off by 
a groove across the ventral surface. When the animal is in 
motion it first ad vances the jnopodium and then pull^ ^he res^ 
of the foot after iTwth the loopmg gait of pertain caterpill^ 
In many Cyclostomati^e this groove, instead of being transverse, 
is loncritudinai, and the animal advances first the right and then 
the left segment of the foot, ivhicli gives it a swaying motion 


t 

f 




from side to side. 1 i -i. ^ 

Upon the metapodium liesjhe operculum, when it occure. 

As a ride the metapodium is not sliarply marked off from the 

rest of the foot. In Stromhus (Fig. 99) it becomes erected 




•pjn 98 Oliv'a textilina Lam., showing how the front part of the foot {/) is developed 

into a rtTSer. tlm propo<Uum {pr) ; e, e, eyes •, m.ap. front appendage of 
nmnUe ; m.ap'. hinder appendage of mantle, folded mto the suture when the 
animal is at rest ; si, siphon ; t, t, tentacles. (After Quoy and Gaimard.) 


into a sort of hump or column, on the to p of which the opercu- 
lum is situated. 

‘ The epipodium is a prominent fold or border, which occurs 
upon the upper edge of the foot in most Diotocardia. In 
Haliotis it is of considerable breadth, and is covered by a 
number of lobes which spring from a moss-like prolongation of 
the skin From the epiEodiujn .are developed the .lateral tenta- 
culae of MonodoTda (Ffg. 8_2^p.278), and of other subgenera of 

the Trochidae.^ . ^ ; y-- 

IiTthe'OpLstho^ranchiata the lateral edges of the foot (the 
parapodia) are frequently produced into broad folds or wing- 
like extensions, which in many cases tend to._fold over the shell, 
and, in conjunction with the mantle, eventually imbed it 
altogether. By the wavy motion of the parapodia the animal is 

^ Compare Pelseneer, BiUl, Sci. Ft, Bclg. (3) xix. pp. 10/, 182. 
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enabled to progress tlirough the water. The paired natatory 

lobes of the rteropoda are simply the parapodia of the Tecti- 
branclis modified for swimming purposes. 

It is in the Heteropoda, Pteropoda, and most of all, the Cephalo- 
pod<i, groups w hich have, for the most part, exch anged a crawling 
lor a swimming life, that the modifications of the fooFarelnbst 
cousideral)le. In Oxygyrns and At lanta , for instance, the 
propodium and metapodium are sharply distinguished from the 
mesopodium, and no doubt have acquired, as a means of pro- 
pidsion, the power of separate movement, the animal swimming 
with these portions of the loot uppermost. In Carinaria and 



Fio. 99. — Str&mbus lentigi- 
iwsus Lam.y showing the 
modified form of the foot 
(/) : e, e, eyes on their 
pedicels ; mp^ inetapodium ; 
ojp, operculum ; jd, penis ; 
pr, proboscis ; tentacles. 
(After Quoy and Gaimard. ) 


Pterotrcochea the metapodium has probably become continuous 
with the long axis of the body, while the so-called 'foot with 
its sucker represents only the original propodium. Jn — 
Cephalopoda the arms and funnel represent the modified foot, 
the sides of which are prolonged into a number of very long 
specialised tentaculae. t In the adult Cephalopod some of the 
arms have assumed a position in advance of the mouth, the latter 
being in fact surrounded by a circle of arms. But in the 
Cephalopod embryo the mouth opens as in the Gasteropoda, %.e. 
in advance of the arms, and it is only gradually that it becomes 
encircled by them. Arms and funnel alike arev found to be 
innerved from the pedal ganglion.' T 

t 

^ Pelseneer, Arch, Biol, viii.|p. 723. 
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The pointed axe-shaped foot, which is characteristic of the 
majority of Pelec}T)oda, is doubtless derived from a form more 
akin to the flattened ‘ sole ’ of the Gasteropoda. A foot with 
something of this disc-shaped base actually occurs in some of the 
Nuculidae, the parapodia being furnished with pleats which 
recall similar formations in other Orders (Fig. 100). The principal 
modifications of the foot are due to its eniployinent as a 
burrowing organ. In genera whicli burrow but slightly it is 
small and feebly developed, while in genera which habitually 
excavate, it becomes the largest and strongest organ of the body. 
At the same time it has a. tendency to shift its position from the 



Fig. 100. — Yoldia liviatula Say, 
Greenland, showing the short 
plumed branchiae (&r, 6r), the 
gasteropodous foot (/), and 
the large labial palps {l.p, 
l.p ) : A, as seen from the ven- 
tral margin ; B, from the left 
side, with the mantle turned 
back ; a.w, position of an- 
terior adductor muscle ; t, 
intestine ; liver ; m, w, 
mantle. 


ventral to the anterior margin, accompanied by a corresponding 
narrowing of the shell, until it arrives at the position seen in 
Mollusca of the shape of Mya, PholaSy and Solen, In sedentary 
or attached genera, e.g. Pecten, Chamciy Ostrea, the foot tends to 
become aborted. 

The hyssus gland, secreting a byssus of horny threads, is 
characteristic of many Pelecypoda, and may be observed by any 
one in the common mussel It occurs in the larvae of many 
species which do not possess a byssus in the adult stage. ( The 
pedal gland of many Prosobranchiates, which secretes a tough and 
almost thread-like slime, is possibly homologous with the byssus 
gland of bivalves. 


Nervous System 


The Mollusca possess a nervous system, which usually consists 
of a number of nerve centres or ganglia, linked together by bands 
(the commissures) and sending out thread-like nerves which 
ramify into the various organs. The character of the nervous 


202 


NERVOUS SYSTEM GASTEROPODA 


CHAP. 



system varies greatly in different groups, (ranging as it does from 
a condition of extreme complexity, in which the ganglia are 
nunieious and the commissures equally so, to that of considerable 
simplicity, in which ganglia are almost entirely absent.^ 

1 he most important ganglia are (1) the cerebral} which are 
always placed above or on either side of the mouth, and from 
which proceed the nerves of the eyes and tentacles ; (2) the p^dal, 
which in^ Gasteropoda are situated below the oesophagus^ in 
Pelecy^ed^at the base of the fooT,''and iromTwliich tHe^nen^ of 
the foot and sometimes the acoustic nerve arisel (3) the 'pleural} 
whose position varies considerably, but is always below the 
oesophagus and slightly above the pedal ganglia ; these innervate 
the mantle, branchiae, heart, and viscera generally. 

Gasteropoda.— ("The simplest form of nerve system as thi*'” 
understood occurs in the Amphineura, and more particularly in 
the Chitons.) Here we find four longitudinal nerve-cords, parallel 
to one another for nearly the whole length of the mollusc. The 
two exterior cords probably represent the pleural, the two interior 
the pedal nervous system. C There being no head or tentacles, but 
simply a mouth at the anterior end^the cerebral ganglia do not 
exist, but they are represented by the curved ring forme(i_by_the 
massing together of the two nerve-cords on each side. The. only 
distinct ganglia are ^pair of buccaHgan^a (which are developed 
on a pair of commissures which pass forwai^ from the cerebraj^ 
mass and innervate the lips and buccal regio^)y^nd a much 
smaller group, the sublingual^ The two pedal^ords are united by 
a number of transverse parallel connectives,|which recall similax 
modes of connection in the Chaetopod worms and in Arthropod^ 
This quadruple set of nerve-cords is characteristic of all the 
Amphineura, but the absence of ganglia is most marked in the 
Chitons. In Proueomenia and Neomenia there is a distinct 
cerebral ganglion, formed by the massing of the two ganglia into 
one, while, in Proueomenia the lateral cords are joined to the 
pedal, as well as the pedal to one another, by connectives. In 
Chaetoderma the cerebral ganglia, though adjacent, are distinct, 
and both the pedal and lateral cords connect directly with them, 
while there are no transverse connectives. 


^ Also known as labial and sup'ra-oesopluigeal ganglia. 

^ Wiv^n, however (K. Sv. V^et. Ak. Hnndl. xxiv. 1802, No. 
verse connectives in Chaelod^rma, 


12), describes trans 
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The ^maining) three great divisions of Gasteropoda, namely, 
the Prosobranchiata, Opisthobranchiata, and Pulinonata, may be 
regarded ^comprising two distinct t ypes of ngrvous_conditmn, 
according as the loop formed by the two visceral nerve cords is 
twisted over itself, forming a figure of 8, or continues straight 
and uncrossed. In the former case, we get the condition known 
as streptoneuroiis, in the latter that as euthynem ous. ^ The 
Euthyneura include the whole of tlie Opisthobranchiata* and 
Pulmonata, the Streptoneura all the Prosobranchiata. 



Fio, 101. — Nervous system of the Amphineura : A, Proneoinenia ; B, Neortienia ; C, 
Chaetodenna; J>, CJiiton; c, cerebral ganglia; 1,1, lateral cords; pc, posterior 
commissure ; s, sublingual coniiiiissuie or ring, with ganglia ; v, v, pedal cords, 
(After Hubrecht. ) 

The simplest form of nervous system in the enthyneurous 
Gasteropoda occurs in the"n5pisthobranchiata. The cerebral, 
pleural, and pedal ganglia tend to become concentrated in a ring- 
like form, united by short commissures at the posterior end of 
the pharynx. The visceral loop is in some cases long, and the 
two or three visceral ganglia are then situated at its posterior 
extremity. The nervous system ot the Pulmonata is of a similar 
ty]:ie, the visceral loop being often much ^ lorter, and tending to 
draw in towards the central group of ganglia. The tentacular 
and optic nerves are, as usual, derived from the cerebral gang- 
lion, with which also the otocysts are probably connected by 
rather long nerves. A pair of buccal ganglia innervate the 
buccal mass, and are united by commissures with the right 
and left cerebral ganglia. The osphradial nerve springs from one 

oTpcTTT^s, twisted ; €vd6s, straight. 

^ With the exception of Aclaean, which is streptoneuroiis (Boiivier, Comptcs 
licndm, cxvi. p. 6H). 





of the ganglia on the visceral loop, the osphradium itself 

being situated (in Limnaea) immediately above the pulmonary 

orifice and adjacent to the anus (Fig. 102). This massing 

o the ganglia is still better illustrated by the accompanying 

giiro f)f I hysa (I^ig. 103), in which the animal is represented as 

if tiaiisparent, so that the ganglia and nerves are seen through 
the tissues. ° 

Of the streptoneurous Gasteropoda, the nervous system of 

Fig. 102. — I. Nervous system of 
Limnaea sta^nalis L. The 
oesophagus has been cut and 
pulled forwards through the 
nerve-collar, so as to expose 
the lower surface of the buccal 
mass (dissected by F. B. Stead). 
B.M, buccal mass. 

B.G, buccal, C.G, cerebral, Os.G, 
osphradial, Pe.G, pedal 
ganglia. 

Pl.G, pleural ganglia. 

Op.N, optic, Os.N, osphradial, 
Te.N, tentacular nerve. 

Ot, otocyst ; V.L, visceral loop. 

B, rectum, dotted in to show 
its position relative to the 
osphradium. 

IT. Right side of the head of Lim- 
naea ata^naXis. The over- 
hanging flap of the mantle has 
been cut in the middle line, 
and the right half twisted 
back, so as to expose the pul- 
monary orifice, etc. The points 
A A on the mantle edge were 
continuous before the mantle 
was cut ; the line BA is part 
of the free edge of the mantle. 

An, anus ; F, female genera- 
tive orifice ; J, portion of jaw ; 

M, male generative orifice under 
right tentacle ; Os, osphradium ; 
P.0, i)ulmonary orifice. 

Fissurella and Haliotis shows distinct points of similarity to that 
of the Amphineura. The pedal nerves are united by transverse 
commissures throughout their entire length, while a double com- 
missure unites the cerebral ganglia to the mass from which the 
pedal nerves proceed. In the great majority of the Streptoneura 
the ganglia (except the visceral) are more concentrated and the 
commissures are consequently much shorter. The accompanying 
figure of Cyclostoma, in which the animal is represented as in that 
of Physa just described, illustrates this grouping of the ganglia. 
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the twist of the visceral loop, and the position of the visceral 
ganglion at its posterior end. 

Scaphopoda. — In the Scaphopoda the nervous system resem- 
bles that of the Pelecypoda. The cerebral and pleural ganglia lie 
close together, while the pedal ganglia are placed in the anterior 
part of the foot, connected with the cerebral ganglia by long 



Fio. 103. — Nervous system of Physa Fig. 104. — Example of a streptoneurous 
a>ciUa Drap., showing the massing Gasteropod {Cyclostoma elegans Drap.) : 

of the ganglia at the hinder end of c.g, c.g^ cerebral ganglia ; e, c, eyes ; 05 , 

the pharynx; e, e, eyes; 7 «, mouth ; osphradium ; ot^ otf otocysts ; p,g^ p.g^ 

m.l^ mi, mantle lappets ; o./, female pedal ganglia ; pl.g^ pl-g^ pleural ganglia ; 

generative orifice ; o.?«, male gen- sp,g^ supraintestinal ganglion ; sh.g^ sub- 

erative orifice ; os, osphradium. intestinal ganglion ; ^.n, tentacle nerve ; 

(After Lacaze-Duthiers.) v.g^ visceral ganglion. (After Lacaze> 

Duthiers.) 

commissures ; the visceral loop is rather long, and the two vis- 
ceral ganglia are adjacent to the anus. 

Pelecypoda. — The nervous system in the Pelecypoda is the 
simplest type in which well-marked ganglionic centres occur. The 
ganglia are few, symmetrically placed, and are usually at a con- 
siderable distance apart. There are, as a rule, three distinct pairs 
of ganglia, the cerebral (cerebro-pleural), pedal, and visceral. The 
cerebral are formed by the fusion of tlie cerebral and p leural 
ganglia, which fewever, in some cases (ProtobrancSiata) continue 
distinct.^ They lie above or on each side of the mouth, united 

^ This fusion of the cerebral and pleural ganglia and the conseq^uent union of the 
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by a commissure of varying length. Another pair of com- 
missures unites tliem with the pedal ganglia, which are placed 
at the base of the foot, and are usually very close together, 
sometimes (as in Anodonta) becoming partially fused. The 

lencrth of these commissures de- 

O 

pends upon the distance between 

mouth and foot ; thus they are 

very long in Mya and Modiola, 

and very short in Pecten, In 

cases where the foot is rudimen- 

taiy or becomes aborted through 

disuse (e.g. Ostrea\ the pedal 

ganglia may dwindle or disappear 

altogether. (The visceral ganglia 

are on the ventral side of the 

posterior adductor muscle, beneath 

the rectum, and innervate the 

branchiae, osphradia, and the 

whole of the visceral sac. A pair 

of cerebro - visceral commissures 

Fio. 105. — Nervous system of Peiecy- traverses the base of the foot, 
poda: Teredo: B, Anodonta; ^ a COmpara- 



(7, Pecten; a, a, cerebral ganglia; _ 

5, pedal ganglia ; c, visceral ganglia, tively short loop (compare Fig. 

(After Gegenbaur.) ^ ^ ^ Commis- 

sure, which runs round the entire edge of the mantle, and sup- 
plies branching nerves to the mantle border and siphons (Fig. 
106 , c,vx), may also connect the visceral and cerebral ganglia.^ 

Cephalopoda.— In the Cephalopoda the concentration of 
ganglia attains its maximum, and may perhaps be regarde m 
approaching the point at which a definite brain may be sai o 
exist. Another point of distinction is the formation of 
small ganglia upon the nerve cords in different parts of t e y. 
In the Tetrabranchiata {^Nauiilust) the cerebral and peda * 

form a broad ring which surrounds the oesopha^s, the ormer » 
giving uut the optic nerves, with their special optic gnng on, A 
a pair ^h ^ iBuccaT'and^ ganglia, the latter e 

nerves of the arms and funnel. The visceral loop is still pr^n 
in the form of a separate band, which innervates the branchiae, 

cerebro-pedal and plenro-pedal commissures can be recognised by sections of the mass 
(Pelseneer, Comptes lUiuiuSt cxi. p. 246). 
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osphradia, and viscera generally, forming a special gemtal gang- 
lion in connection with the reproductive organs. The principal 
aanelia of the Dibranchiata are still more concentrated, even 
the visceral loop being possibly united with the rest in forming 
an unbroken mass in which scarcely any trace f)f commissures 
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Fig 106.— Nervous system of Cardium edule L.; a.m, anterior adductor muscle ; 6r 
■ brLchiae ; br.n, branchial nerve ; c.fif, c.g, cerebral ganglia ; c.p.c, cerebro-pedal 
commissure • c.v.c', cerebro-vLsceral commissure ; c.v.c, cerebro-visceral commissure 
of mantle ; I’.p, labial palps ; m, mouth ; p.g, pedal ganglion ; p.m, posterior adductor 
muscle ; v.gr, visceral ganglion. (After Drost, x 3.) 


can be detected. The pedal ganglion becomes separated into 
two portions, one of which innervates the arms, the other the 
funnel. Two peculiar ganglia (the stellate ganglia) supply a 
number of branching nerves to the mantle. 
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CHAPTER VIII 


THE DIGESTIVE ORGANS, JAW, AND RADULA : EXCRETORY ORGANS 

The digestive tract, or, as it is often termed, the alimentary canal 

or gut, is a very important feature of the MoUusca. It may he 

regarded as consisting of the following parts : (1) a mouth or oral 

aperture {2) a throat or pharynx; (3) an oesophagus, leading into 

(4) a stomach, (5) an intestine and rectum, ending in (6) an 
anus. 

The primitive positions of mouth and anus were presumably 
at the anterior and posterior ends of the animal, as in the 
Amphineura and symmetrical MoUusca generally. But the 
modifications of original moUuscan symmetry, which have already 
been referred to (p. 154, compare pp. 245, 246), have resulted in 
the anus becoming, in the great majority of Gasteropoda, twisted 
forward, and occupying a position on some point in the right 
side in dextral, and in the left in sinistra! species. 

The process of digestion, as the food passes from one end of 
the tract to the other, is performed by the aid of the secretions 
of various glands, which open into the alimentary canal at 
different points in its course. The principal of these are the 
salivary glands, situated on the pharynx and oesophagus, and 
the liver, biliary or hepatic gland, connecting with the stomach. 
With these may be considered the aruxl and ink-glands, which, in 
certain genera, connect with the terminal portion of the rectum. 

1. The mouth is generally, as in the common snail and peri- 
winkle, placed on the lower part of the head, and may be either 
a mere aperture, circular or semicircular, in the head-mass, or, as 
18 more usual, may be carried on a blunt snout (compare Fig! 6, 
p. 10, and big. 68, p. 159), which is capable of varying degrees 
of protrusion. From the retractUe snout has doubtfess been 
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derived the long proboscis which is so prominent a feature of 
many genera (compare Figs. 1, B, and 99), and in some (e.g. 
Mitra, Dolium) attains a length exceeding that of the whole 
body. As a rule, Mollusca provided with a proboscis are carniv- 
orous, while those whose mouth is on the surface of the head 
are vegetable feeders, but this rule is by no means invariable. 
The mouth is thickened round the aperture into ‘ lips,’ which are 
often extensile, and appear capable of closing upon and grasping 
the food. In the Pelecypoda the mouth is furnished, on each side, 
with a pair of special external lobes, the ‘ labial palps, which appear 
to be of a highly sensitive nature, and whose object it is to collect, 
and possibly to taste, the food before it passes into the mouth. 

2. The Pharynx, Jaws, and Eadula . — Immediately behind the 
lips the mouth opens into the muscular throat, pharynx, or 
buccal mass. The pharynx of the Glossophora, ix, of the 
Gasteropoda, Scaphopoda, and Cephalopoda, is distinguished from 
that of the Pelecypoda,^ by the possession of two very characteristic 
organs for the r.*sping or trituration of food before it reaches the 
oesophagus and stomach. These are (a) the jaw or jaws, an 
(6) the radvla^ odontophore, or lingual ribbon. The jaws bi e 
the food, the radula tears it up smaU before it passes into the 
stomach to undergo digestion. The jaws are not set with teeth 
like our own ; roughly speaking, the best idea of the relations of 
the molluscan jaw and radula may be obtained by imagining o^ 
own teeth removed from our jaws and set in parallel rows a o ^ 

‘ the jaw i. .ingle, and i. pl-d 

behind the upper lip. If a common 

crawling up the inside of a glass jar, or feeding ^ 

lent leaf, tie position and action of the jaw can be 
cerned. It shows very black when the creature opens 

and under its operation the edge of a lettuce 1^ aemi- 

series of little curved indentations, in shape not un i 

^ There is practically no pharynx in the Pelecypoda, the mouth opening 
into the oesophagus. 

> nadere, to scrape ; 6So6t, tooth ; to cany. 

3 The mechanism of the radula has been dealt with by Gedd , 

X. p. 485. Kiicker has observed (£er. Oberhas. Oesell. ^ ^ of the 

that the radula in Helix ponuUia is the product of five ,0 ^hilo rows 

first row is uncertain, the second forms the membrane of the ra , 

three to five originate the teeth. 
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circular bites inflicted by a schoolboy upon his bread and butter. 
The jaw of Helix (Fig. 107, B) is arched in shape, and is 
strengthened by a number of projecting vertical ribs. That of 
Limax (A) is straighter, and is slightly striated, without vertical 
ribs. In Bulimulus (C) the arch of the jaw is very conspicuous, 
and the upper edges are always denticulated ; in Orthcdicus there 
is a central trangular plate, with a number of overlapping plates 
on either side ; in Succinea (E) there is a large square accessory 
plate above the jaw proper. The form of the jaw is peculiar not 



Pig. 107. — Jaws of 
various Pulmon- 
ata : A, Limax 
(gagcUes Drap. , 
Lancashire, x 15); 
B, Helix (axutis- 
sima Lam., Ja- 
maica, X 15); C, 
BvlimuLus ( de- 

pictus Reeve, 
Venezuela, x 20): 
D, A chatina 
(fvlica Per., Mau- 
ritius, X 7) ; E, 
Succinea [elegana 
Riss., Aral Dis- 
trict, X 30) ; F, 
Jjimifiaea {fitoug- 
nalia L., (JJam- 
bridge, x 30). 


only to the genus but to the species as well Thus the jaw of 
H aspersa is specifically distinct from that of H. pomatia, and 
that of H, Tiemoralis is distinct from both. Wiegmann has 
observed ' that in yoimg Arion, Limax, and Helix, the jaw 
consists of two pieces, which coalesce by fusion in the adult, 
thus indicating a stage of development in advance of the double 


ollusca. In 


jaw which is found in most of the non-pulmonate L 

all fresh-water Pulmonata there are two small accessory side 
plates besides the jaw proper (Fig. 107, F). 

Nearly all the non-carnivorous Prosobranchiata, land, fresh- 
water, and marine alike, are provided with two large lateral jaws. 


^ Jaiirh, DeuL AIalaX\ Gesell, iii. p. 193. 
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Many of these are sculptured with the most elaborate patterns, 
and appear to be furnished with raised teeth, like a file. In the 



Fig. 108.— Jaws of A, THlon australis Lam., Sydney ; B, Amp%illaHu ^scmta 
Deinerara; C. CalliosUma jninctulatum Mart., New Zealand; D, Cyclop 

atramcntarius Sowb., Sanghir; all x 15. 






Fio. 109. — Jaws of A, Chromodoris gracilis Ilier., x 15 ; ^’x ft. * 

Ci Pl^rotn-anchus^lumula Mont., x 10 ; D, Pleuroln^ancham Meckdxx Dim., x 

Nudibranchiata the jaws are of }?reat size and l>efinty of onia 

meiitutioii (Fig- 109). 
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The carnivorous genera, whether marine (e.g. ConuSy Murex, 
Buccinumy Nassa) or land (e.g. Testacellay Glandinay StreptaxiSy 
Ennea)y are entirely destitute of jaws, the reason probably being 
that in all these cases the teeth of the radula are sufficiently 
powerful to do the work of tearing up the food without the aid 
of a masticatory organ as well. Jaws are also wanting in the 
Heteropoda, and in many of the Nudibranchiata and Tecti- 
branchiata. 

In the Cephalopoda the jaws, or ‘ beaks,’ as they are called, 
are most formidable weapons of attack. In shape they closely 
resemble the beaks of a parrot, but the hook on the dorsal side 
of the mouth does not, as in birds, close over the lower hook, 
but fits under it. Powerful muscles govern these mandibles, 
which must operate with immense effect upon their prey (Fig. 110). 

The Radula? — When the food has passed beyond the opera- 


^ The whole of the radulae and jaws figured in this work are taken from the 
original specimens in the collection of the Rev. Prof. H. M. Gwatkin, wh.o lias 
always been ready to give me the run of his cabinets, which probably contain the 
finest series of radulae in the world. To his kindness I owe the following des^Tlp- 
tion of the process of mounting : “ The first step is to obtain the radula. Dissection 
is easy in species of a reasonable size. On opening the head from above, so as to 
lay open the floor of the mouth, the radula itself is seen in most of the marine 
species, though in others it is contained in a sort of proboscis ; and in the Pulmonata 
and others the student will find the buccal mass, with commonly a brown mandible 
at its front end, and the lingual ribbon in its hinder part. The teeth may be recog- 
nised by their silvery whiteness, except in a few cases like Patella and ChitoUy where 
they are of a deep brown colour. When obtained, the radula may be cleaned by 
boiling in a solution of caustic potash. There is no risk of injury if the solution is 
not too strong. 

“ Smaller species may be treated more summarily. The proboscis, the buccal mass, 
or even the whole animal may be thrown into the potash solution and boiled till 
scarcely anything is left but the cleaned radula. Remains hi animals dried inside 
the shell may be similarly dealt with, after soaking in clean water. With a little 
care, this process will answer for shells down to the size o^ Ancylus or Rissoa. The 
very smallest {Carychmmy Tomatellinay Skeneay etc.) ipiist be crushed on the slide 
and boiled on it, after removing as much as possible* of the broken shell. The 
radula can then be searched for under the microscope, and washed and mounted on 
the slide. 

“The student must be warned that though tfic general process is simple, there 
are difficulties in particular cases. In the Pulmonata, for example, membranes on 
both sides of the radula need careful removal. ' MureXy Purjniray and most of the 
Taenioglossa have the side teeth folded down ovet the central, so that the arrangement 
is not well seen till they have been brushed back. The Cones, again, have no basal 
membrane at all, so that if the i)otash is not used with great care, the single teeth 
will fall asunder and be lost. Perhaps the worst case is where a large animal has 
a radula as small as that of a Rissoa like) TurritcUay Harpay or Struthiolariay or 
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tion of the jaw, jt comes within the province of the radula, the 
front part of which perhaps co-operates to a certain extent with 



Fig. 110. — Jaws of Sepia : A, in situ 
within the buccal mass, several of 
the arms having been cut away ; 
B, removed from the mouth and 
slightly enlarged. 



Fig. 111. — Patella wZgaia L., show- 
ing the normal position of the 
radula, which is doubled back in 
a bow ; the shell has been re- 
moved, and the whole visceral 
mass is turned forward, exposing 
the dorsal surface of the muscular 
foot : QTy longitudinal groove on 
this surface ; t, i, intestine ; ^ 
liver ; m, wi, mantle edge ; mUt 
' muscles (cut through) fastening the 
visceral mass to the upper sides of 
the foot ; ovary ; r, radnla ; u.f > 
upper or dorsal surface of the foot. 


the jaw in performing the biting process. The function of the 

where the radula is almost filmy in its transparency, like those of Actaeon and the 

small Scalaria. _ Tinda 

When once the radula is laid out, the mounting is commonly easy. a 

balsam makes it too transparent. Fluids may be used, and are almost necesMiy o 

thick rawiulae like those of large Chitons ; but the best general medium is g y^nn 

jelly. It runs under the cover glass by capillary attraction, and 1 a. ' ^ 

(though only for a moment) to get rid of air bubbles. It should then ^ e on 

finished for several weeks. If cracks apjiear, the reason is either that t ® T * 

bad sample, or that it has been boileil too long, or (commonly) that the o jec is 00 

thick ; and there is not often any difficulty in remounting. I have no serious com 

plaint of want of permanence against the medium, if I may apeak from a pret y 

wide experience during the last twenty years.’* 
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radula as a whole is to tear or scratch, not to bite ; the food 
passes over it and is carded small, the effect being very nuich the 
same as if, instead of dragging a harrow over the surface of a 
field, we were to turn the harrow points upwards, and then drag 
the field over the harrow. 

The radula itself is a band or ribbon of varying length and 
breadth, formed of chitin, generally almost transparent, some- 
times beautifully coloured, especially at the front end, with red 
or yellow.' It lies enveloped in a kind of membrane, in the floor 
of the mouth and throat, being quite flat in the forward part, but 
usually curving up so as to line the sides of the throat farther 
back, and in some cases eventually forming almost a tube. The 
upper surface, i.e. the surface over which the food passes, is covered 
with teeth of the most varied shape, size, number, and disposition, 
which are almost invariably arranged in symmetrical rows. 
These teeth are attached to the cartilage on which they work by 
muscles which serve to erect or depress them ; probably also the 
radula as a whole can be given a forward or backward motion, so 
as to rasp or card the substances which pass over it. 

The teeth on the front part of the radula are often much 
worn (Fig. 112), and probably fall away by degrees, their place 
being taken by others successively pushed up from behind. At 
the extreme hinder end of the radula the teeth are in a nascent 
condition, and there are often as many as a dozen or more 

scarcely developed rows. Here, too, lie the cells from which the 
teeth are originally formed. 

The length and breadth of the radula vary greatly in different 
genera. In Littorina it is very narrow, and several times the 
length of the whole animal. It is kept coiled away like a 
watch-spring at the back of the tliroat, only a small proportion 
of the whole being in use. I have counted as many as 480 rows 
in the common Littorina littorea. In Patella it is often longer 
than the shell itself, and if the radula of a large specimen be 
freshly extracted and drawn across the hand, the action of the 
hooks can be plainly felt. In AeropCy the Turbinidae generally, 
and Ealiotis it is very large. In Turritella, Aporrhais, Cylichna, 

^ The substance both of the jaw and radula is neither crystalline nor cellular, but 
lamina^. Chitin is the substance which forms the ligament in bivalves* the 

‘ in certain Cephalopoda, and the operculum in many univalves. Neither 
silica nor keratine enter into the composition of the radula. 
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Struthiolaria, and the Cephalopoda it is small in proportion to 



Fio. 112. — Example of a front portion 
of a radula {Cantharus ringens 
Reeve, Panama), much worn by use. 
X 70. 


the size of the animaL In the Pul- 
monata generallj’^ it is very broad, 
the length not exceeding, as a rule, 
thrice the breadth ; in most other 
groups the breadth is inconsider- 
able, as compared to the length. 

The radula is wanting in two 
families of Prosobranchiata, the 
Eulimidae and Pyramidellidae, 
which are consequently grouped 
together as the section Gymno- 
glossa. It is probable that in 
these cases the radula has aborted 
through disuse, the animals hav- 
ing taken to a food which does not 
require trituration. Thus several 


genera contained in both these families are known to live para- 
sitically upon various animals — Holothurians, Echinoderms, etc. — 


noiu^ishing themselves on the juices of their host. In some cases, 
the development of a special suctorial proboscis compensates for 
the loss of radula (see pp. 76-77). In Harpa there is no radula in 
the adult, though it is present in the yoimg form. No explana- 
tion of this fact has yet been given. It is also absent in the 
Coralliophilidae, a family closely akin to Purpura, but invariably 
parasdtic on corals, and probably nourished by their exudations. 
There is no radula in Entocorvcha, an obscure form parasitic on 
the blood-vessels of Synapta, or in Neomenia, a genus of very low 
organisation, or in the Tethyidae, or sea-hares, or in one or two 


other genera of Nudibranchiata. 

The number 'of teeth in the radula varies greatly. When the 
teeth are very large, they are usually few in number, when small, 
they are very numerous. In the carnivorous forms, as a rule, the 
teeth are comparatively few and powerful, while in the phyto- 
phagous genera they are many and small Large hooked and 
sickle -shaped teeth, sometimes furnished with barbs like an 
arrow-head, and poison-glands, are characteristic of genera which 
feed on flesh ; vegetable feeders, on the contrary, have the teeth 
rounded, and blunter at the apex, or, if long and narrow, flo 
slender as to be of comparatively little effect. Genera which are 
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normally vegetarian, but which will, upon occasion, eat flesh, e.g, 
Limax and Hycdinia, exhibit a form of teeth intermediate 
between these two extremes (see Fig. 140, A). 

In Chaetoderma there is but one tooth. In Aeolis coronata 
there are about 17, in A, papillosa and Elysia viridis about 19, 
in Glavxus atlanticus about 21, in Fiona nolilis about 28. In 
the common whelk {Buccinum undatum) there are from 220 to 
250, in the common periwinkle about 3500. As many as 8343 
have been counted in Limnaea stagnaliSy about 15,000 in Helix 
aspersa (that is, about 400,000 to the square inch), about 30,000 
in Limax maximus, and as many as 40,000 in Helix Ghies- 
breghii, a large species from Mexico ; they are very numerous 
also in Nanina, Vitrina, Gadinia, and Actaeon. But Umbrella 
stands far and away the first, as far as number of teeth is con- 
cerned. In both U. mediterranea and U indica they entirely 

baffle calculation, possibly 750,000 may be somewhere near the 
truth. 

The teeth on the radula are almost invariably disposed in 
a kind of pattern, exactly like the longitudinal rows of colour 
in a piece of ribbon, down the centre of which runs a narrow 
stripe, and every band of colour on one side is repeated in the 
same relative position on the other side. The middle tooth of 
each row — the rows being counted across the radula, not longi- 
tudinally — is called the central or rachidian tooth ; the teeth 
next adjacent on each side are known as the laterals^ while the 
outermost are styled umini or marginals. As a rule, the dis- 
tinction between the laterals and marginals is fairly well indi- 
cated, but in the Hehcidae and some of the Nudibranchiata it is 
not easy to perceive, and in these cases there is a very gradual 
passage from one set to the other. 

The central tooth is nearly always present. It is wanting in 

certain groups of Opisthobranchiata, some of the carnivorous 

Pulmonata, and in the Conidae and Terebridae, which have lost 

the laterals as well. Voluta has lost both laterals and marginals 

in most of the species, and the same is the case with Harpa. In 

Aeolis, Elysia, and some other Nudibranchiata the radula consists 

o a single central row. Other peculiarities will be described 
below in their proper order. 

The extreme importance of a study of the radula depends 
upon t e fact, that in each species, and a fortiori in each genus 


VALUE IN CLASSIFICATION 


CHAP. 


2 I 8 

and family, the radula is characteristic. In closely allied species 
the differences exhibited are naturally but slight, but in well- 
marked species the differences are considerable. The radula, 
therefore, serves as a test for the distinction of genera and species. 
For instance, in the four known recent genera of the family 
Strombidae, viz. Strombics, jPteroceras, JRostellaria, and Terebellum, 
the radula is of the same general type throughout, but with dis- 
tinct modifications for each genus ; and the same is true, though 
to a lesser extent, for all the species hitherto examined in each 
of the genera. These facts are time for all known genera, differ- 
ences of the radula corresponding to and emphasising those other 
differences which have caused genera to be constituted. The 
radula therefore forms a basis of classification, and it is found 
especially useful in this respect in dealing with the largest class 
of all, the Gasteropoda, and particularly with the chief section of 
this order, the Prosobranchiata. Thus we have — 


Prosobranchiata 


Monotocardia 


Diotocardia 


f {a) Toxoglossa 
(6) Rachiglossa 
(c) Taenioglossa 
(d) Ptenoglossa 
{e) Gymnoglossa 
f(J) Rhipidoglossa 
\(^) Docoglossa ^ 


(a) Toxoglossa — Only three families, Terebridae, Conidae, and 
Cancellariidae, belong to this section. There is no central tooth, 
and no laterals, the radula consisting simply of large marginals 
on each side. In Conus these are of great size, with a blunt 
base which contains a poison-gland (see p. 66), the contents of 
which are carried to the point by a duct. The point is always 
singly and sometimes doubly barbed (Fig. 116). When extracted, 
the teeth resemble a small sheaf of arrows (Figs. 113, 115). A re- 
markable form of radula, belonging to Spirotropis (a subgenus of 
Drillia, one of the Conidae), enables us to explain the true history 
of the radula in the Toxoglossa. Here there are five teeth in a 
row, a central tooth, and one lateral and one marginal on each 
side, the marginals being very similar in shape to the character- 
istic shafts of the Conidae (Fig. 114). It is evident, then, that 
the great mass of the Toxoglossa have lost both their central 

^ arrow ; ridg®> sliarp edge ; rauu^la, ribbon ; winged ; 

bare ; jkwis, fan ; SokSs, beam. 
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and lateral teeth, and that those which remain are true uncini 
or marginals. Spirotropis appears to be the solitary survival of 
a group retaining the primitive form of radula. 

The arrangement of teeth in all these sections is expressed 
by a formula applicable to each transverse row of the series. 
The central tooth, if present, is represented by 1, and the laterals 
and marginals, according to theii* number, on each side of the 



x70. 



Fig. 114. — Portion of radula of Spiro- 
tropis carinata Phil., Norway. x 70. 



Fig. 115. — Eight teeth from the radula 
of Terebra caeruUscens Lam. x 60. 


central figure. Thus the typical formula of the Toxoglossa is 

1.0. 0.0.1, the middle 0 standing for the central tooth which is 
absent, and the 0 on each side of it for the absent laterals ; the 
1 on each extreme represents the one uncinus in e^ch row. 
Thus the formula for Spirotropis, which has also one lateral on 
each side and a rachidian or central tooth, is 1.1. 1.1.1. Often 


the formula is given thus \ 


l.O.O.O.l 1.1. 1.1.1 
30 ' 42 


where 30 and 42 


stand for the average number of rows of teeth in Conus and 
Spirotropis respectively ; the Siime is sometimes expressed thus : 

1.0.0.0.1x30; 1.1.1.1.1x42. 
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(b) The Baehifflossa comprise the 12 families Olividae, Harpi- 
dae, Marginelhdae, Volutidae, Mitridae, Fasciolariidae, Turbinel- 
hdae, Bucciuidae, Nassidae, Columbellidae, Muricidae, and 



Fio. 116. — A tooth 
from the radula 
of Conus imperi- 
alis L., S. Pacific, 
X 50, showing 
barb and poison 
duct. 



Fig. 117. — Portion of the radula of Mdongena 
vespertilio Lam. , Ceylon, x 30, 



Fig. 118. — Portion of the radula of Etmrna japonica 

Sowb., China. x 30. 


Fig. 119. — Portion of the 
radula of Murex regius 
Lam. , Panama, x 60. 



Coralliophilidae. Certainly most and probably all of these 
families are or have been carnivorous, the Coralliophilidae being 
a degraded group which have become parasitic on corals, and 
have lost their teeth in consequence. The characteristics of the 
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group are the possession of a central tooth with from one cusp 
{Boreofiisus) to about fourteen (^Bullia)y and a single lateral more 
or less cuspidate, the 
outer cusp of all being 
generally much the 
largest. Thus in Melon- 
gena respertilio{Yi^. 117) 
the central tooth is tri- 
cuspid, the central cusp 
being the smallest, while 

O 

the laterals are bicuspid ; 
in Ehurna jajponica (Fig. 

118) the central tooth is 5-cusped, the two outer cusps being much 
the smallest. The teeth, on the whole, are sharp and liooked. 



Fio. 120. — Portion of the radula of Imhricarici 
viarmorata Swains. x 80. 



Fig. 121, — Three rows 
of teeth from the 
radula of Fasciolaria 
trapezium ]..am. x 
40. 


with a broad base and formidable cutting edge. In the Olividae, 
Turricnlay BmcinojpsiSy and the Muricidae the laterals are unicuspid 

and somewhat degraded (Fig. 119 ). In Mitra 
and the Fasciolariidae they are very broad and 
finely equally toothed like a comb (Figs. 120 , 
121). The whole group is destitute of marginals. 

Several remarkable peculiarities occur. 
Marpa loses the radula altogether in the adult. 
In the young it has lost only the laterals, and 
consists of nothing but the central tooth. 
Marginella has no laterals ; the central tooth 
small and cornb-shaped, with blunt cusps. 

Cymbium duidema Voluta the laterals are generally lost, but 

Lam., Torres Strait, jn Volutomitra and One species of Voluta ^ 

they are retained. The central tooth usually 
has three strong cusps, and is very tliick and coloured a deep red 

1 r. coiiciaiiay according to Schacko {Conch. Mitth. i. p. 126, PI. xxiv. f. 5) ; the 
lateral is large, strong, unicuspid on a broad base. 
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or orange (Fig. 122), in the subgenus jLmoria it is unicuspid, 
in shape rather like a spear -head with broadened wings; in 

^ Volutolyria it is of a different 
! I j jk with numerous unequal den- 

^ something like the 

I l^t'Grals of Mitra or Fasciolaria, 

^ Of the Mitridae, Cylindromitra 

Y laterala Among the 

A \ j VjT Buccinidae, Biiccinopsis possesses 

^ a curiously degraded radula, the 
^ J central tooth having no cusps, but 
\r[f \rv being reduced to a thin basal 

A' I ^ ^ I plate, while the laterals are also 

weakened. Tnis degradation from 
^ r^/ ^ ® remarkable feature 

/k. A ^ radulae, and appears to be 

. characteristic, sometimes of a whole 

® family, e.g. the Columbellidae (Fig. 

Fio. 123. — Examples of degraded forms 123, B), Sometimes of a genuS, 

Reeve*! PaLmk (n^c^tTn^S^ Sometimes again of a single speciea 

A', Mme radula, central and front ThuS in CanthaVUS (a SubgenUS of 
portion ; B, Columbella varia Sowb., r> » \xi- 

Panama, x 50 . Bucctnum) the radula is typical in 

the great majority of species, but in 
C. pagodus Reeve, a large and well-grown species, it is most remark- 
ably degraded, both in the central and lateral teeth (Fig. 123, A). 
This circumstance is the more singular since C. pagodus lives at 
Panama side by side with C. ringeus and C. iusignis, both of which 


portion ; B, Columbella varia Sowb., 
Panama, x 50. 


r 

J 

Fio. 124. — Three rows of the radula of Sistrum spectrum Reeve, Tonga, x 80. 

The laterals to the right are not drawn in. 

have perfectly typical radulae. It is probable that the nature of 
the food has something to do with the phenomenon. Thus Sistrum 
spectrum Reeve was found to possess a very aberrant radula, not of 
the common muricoid type, but with very long reed-like laterala 
This singularity was a standing puzzle to the present writer. 
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until he was fortunate enough to discover that S. spectrum, 
unlike all other species of Sistrum, lives exclusively on a branch- 
ing coraL 

The dental formula for the Rachiglossa is thus 1.1.1, except 
in those cases where the laterals are absent, when it is 0.1.0. 

(c) The Taenioglosm comprise 46 families in all, of which the 
most important are Tritonidae, Cassididae, Cypraeidae, Strom- 
bidae, Cerithiidae, Turritellidae, Melaniidae, Littorinidae, 
Kissoidae, Paludinidae, Ampullariidae, Cyclophoridae, Cyclostoma- 



Fig. 125. — Portion of the radula of Cassis sulcosa Bom., x 40. The marginals 

to the right are not fully drawn. 

tidae, and Naticidae. The radula is characterised by a central 
tooth of very variable form, the prevailing type being multi- 
cuspid, the central cusp the largest, on a rather broad base ; a 
single lateral, which is often a broad plate, more or less cusped, 
and two uncini, rather narrow, with' single hooks, or slightly 



cusped. The accompanying figures of Cassis, Vermetus, and 
Cypraea, and those of Littorina and Cyclojphorus given on pp. 
20, 21, are good examples of typical taenioglossate radulae. 

In Homalogyra the radula is much degraded, the central 
tooth is large and triangidar on a broad base, the lateral is 
represented only by a thin oblong plate, and the uncini are 
absent. In some species of Jeffrey sia the uncini are said to be 
absent, while present in others. Lamellaria lias lost both its 
uncini, but the radula of the allied Velutina is quite typical. A 
lieculiar feature in this group is the tendency of the marginals 
to increase in number. A stage in this direction is jierhaps seen 
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in OvvXciy Pcd'iculdT'idj d,n(l th6 CyclostoTtidtidcic, Il6r6 the outer- 
most of the two marginals is by far the larger and broader, and 
is strongly pectinated on its upper edge j in the Cyclostojndtidde 


Fio. 127. — Two rows of the 
rad u la of Cypraea tiyris L. 
X 30. 


the pectinations are rather superficial ; in Ovula (where both 
marginals are pectinated) they are decidedly deeper ; in Pedicu- 
Idrid they are deeper still, and make long slits in the tooth, 
tending to subdivide it altogether. In Turritelld the number of 
marginals is said to vary from none (in T, aciculd) to three 
triplicdtd), but the fact wants confirmation. Solarium is an 
aberrant form, possessing simply a number of long uncini, which 
recall those of Conus or Pleurotomd^ and is therefore hard to 
classify ; the allied Torinia has a radula which appears allied 
to Ovuld or Pediculdria. In Triforis the teeth are identical 
throughout, very small, about 27 in a row, tricuspid on a square 
base, cusps short. 

The normal formula of the Tdcnioglossa is 2. 1.1. 1.2; in 

Lamellarid, 1.1.1 ; in Triforis^ 13.1.13, or thereabouts. 

{jp) Ptenoglossa , — This 
section consists of two 
families only, which cer- 
tainly appear remarkably 
dissimilar in general habits 
and appearance, viz., the 
lantliinidae and Scalarii- 
dae. In all probability 
their approximation is 
only provisional. The 
radula, which in lanthinci 
is very large, and in 
Scalaria very small, possesses an indefinite nuinber of long hooked 



Fio. 128. — Portion of the radnla of lanihina 

communia Lam. x 40. 
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teeth, of which the outermost are tlie largest. The central 
tooth, if present (it does not occur in lanthiiia), is the smallest 
in the series, and thus recalls the arrangement in some of the 
carnivorous Pulmonata (p. 232). In lanthina the radula is 
formed of two large divisions, with a gap between them down 
the middle. 

The formula is 00 . Leo or oo.O.oo according as the central 
tooth in Scalar ia is or is not reckoned to exist. 

(e) Gymnoglossa , — In the absence of both jaw and radula it is 
not easy to classify the two families (Eulimidae and Pyrami- 
dellidae) which are grouped under this section. Fischer regards 
them as modified Ptenoglossa ; one would think it more natural 
to approximate them to the Taenioglossa. 



Fiq. 129. — Portion of the radula of Margarita uvibilicalis Brod., Labrador. 

X 75 and 300. 

(/) Rhipidoglossa . — This section consists of seventeen families, 
the most important being the Helicinidae, Neritidae, Turbinidae' 
Trochidae, Haliotidae, Pleui-otomariidae, and Fissurellidae. The 
radula is characterised by — 

(1) The extraordinary development of the uncini, of which 

there are so many that they are always reckoned as indefinitely 
numerous. Tliey are long, narrow, hooked, and often cusped at 
the top, and crowded togetlier like tlie ribs of a fan, those at the 
extreme edge not laung set straight in tlie row, but curving 
away bivckwards as they U'cmne smaller ; in alone 

where there are from five to ten, can they be counted. 

(2) The varying numk'r of the lateials. The average 
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number of these is five on each side ; in some cases {Livona) 
there are as many as nine, in some {Neritopsis) only three. The 
lateral next to the uncini (which is specially large in the 
Neritidae, and is then known as the cwpitvliform tooth) is 
regarded by some authorities as the first uncinus, by others as 
the sole representative of the laterals, the teeth on the inner 
side of it being reckoned as multiplied central teeth. Accord- 
ing to this latter view, Livona will have as many as seventeen 
central teeth. Taking five as the average number of ‘ laterals,' 
we shall have the following different ways of constituting the 
rhipidoglossate formula, the first being that to which preference 
is given, viz. : — 

(1) CO. 5. 1.5. 00 , ix, one central, five laterals, including 
the ‘ last lateral ' tooth. 

(2) ( 00 . 1 ). 4.1.4. ( 1.00 ), regarding the 'last lateral' as first 

uncinus, but specialising it by a number. 

(3) 00.1 .(4.1.4). 1.00 , regarding the ' last lateral ' as the only 

lateral. 

In the Neritidae and the derived fresh-water genera {Nerihna, 
Navicella) the first lateral, as well as the capituliform tooth, is 



very large, and in shape rather like the blade bone of a shoulder 
of mutton ; the intervening laterals are very sina . 
Neritopsis (a degraded form) the central tooth an rs a 
are entirely wanting. In the neritiform land-shells {Hehci^, 
Proserpina) the first lateral is no larger than tlie others, w 
the capituliform tooth is enormous. Hydroeena is a very 
a])errant and apparently degraded form; the Literals Ijetweii n 
first and the capituliform tooth are all wanting. In HiUions. 
Scissv rella, and Pleurotomaria the five laterals are of fairly equa 
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size ; in Fissurella we again meet with a large capituliform 
tooth, with very small laterals. 

(ff) The Docoglossa are in direct contrast with the Ehipido- 
glossa in possessing few and strong teeth, instead of many and 
weak. There are only three families, Acmaeidae, Patellidae, 
and Lepetidae. In some of the Acmae- 
idae there are not more than two 
teeth in a row, while in no species are 
there more than twelve. The radula 
is, however, very long ; there are as 
many as 180 rows in Patella vulgata. 

The teeth are thick, generally of a 
very deep red horn colour, rather 
opaque. The cartilage in which they 
are set is remarkably thick, and in 

some species whose teeth are very fig. 131.— Portion rf the radula 

few a considerable portion of this car- Pale/la cretacea Reeve, seen 
... • 1 .. 1 m half profile. x 40. 

tilage IS left quite bare. 

Although the teeth are so few, the arrangement is by no 
means simple. The special feature of the group is the multipli- 
cation of identical centrals. Of these there are two in Acmaea, 
and four, as a rule, in Patella. Thus in these two genera there is 
seldom an absolutely centred tooth. Either laterak or marginals 
are liable to be lost, but there are never more than two of either 
in Acmnea, and never more than two laterals and three marginals 
in Patella. Thus the formula varies from 0.0.(1 -f- 0 1).0.0 in 




Fig. 132. — Two rows of 
ihe nidula of Piero- 
trHchea mutica Les., 
Naples, X 60. 


Pechnodonta, 2.2.(1 + 0 + 1).2.2 in Collisellina (both Acmaei- 
dae), to 3.2.(1 -f 0 -I- 1).2.3 in Patinella, and 3.1.(2 0 -b 2) 1 3 

m Patella proper. In the Lepetidae there is an absolutely 
central tooth, which appears to be made up of the coalescence o‘f . 

Wiveral teeth, no laterals, and about two marginals ; formula, 
1 * 0 « 2 * 
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Tlie radula of the Heteropoda is quite characteristic, and 
sliows no sign of affinity with any other Prosobranchiate. The 
central tooth is large, broad, tricuspid, and denticulated on a 
broad l)ase ; the single lateral is strong, often bicuspid; the 
two marginals simple, long, falciform; formxda, 2.1. 1.1. 2 
(Fig. 18 2). 

Amphineura. — {a) Polyplacophora . — The radula of the 
Chitonidae is qiute unique. It resembles that of the Docoglossa 
in being very long, and composed of thick and dark horn- 
coloured teeth. The number of teeth, however, is considerably 




mans, x 30 ; B, portion of the radula of Dentalium entails L., Clyrte, x ov. 

greater, amounting almost invariably to seventeen in each 
There are three rather small central teeth, the two outer of t ese 
being similar ; next comes a very large lateral (the inajor atera 
usually tricuspid, which is followed by two much smaller atera s, 
which are scarcely more than accessory plates ; then a very 
and arched marginal (the major uncinus), at the outer sic e o 
which are three acc^essory plates. Some (consider there is on y 
one central tooth, and count the two small teeth on each si e 

it as laterals. /i i 

Thus the formula is either (3 + 1) . (2 + 1) .3. (1 + 2) . ( + ) 

o r ( 3 + 1 ) . ( 2 + 1 + 1 ) . 1 . ( 1 + 1 + 2 ) . ( 1 + 8, ). 

(Jj) Aplacuphora . — Of this rather obscure order, Chnetoderma 
has a single strong central tooth, Neomenia has no raduhi. 
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Promomcnia and Lejndonienia have alniiit twenty falciform 

teeth, much larger at one end of tlie radiila than the other ; 
formula, 0.1.0. 

Opisthobr&]icliiftt&. The radula of the Opisthobrauchiata 
is exceedingly variable in shape, size, and numl)er and character 
of teeth. Not only do allied families differ greatly from one 
another, but allied genera often possess radulae widely distinct 



in plan. Thus, among the Polyceridae, Goniodoris has no central 
tooth, one large lateral and one marginal (form. 1.1. 0.1.1); 
Doriduru^uliLS the same, with five marginals (form. 5. i. 0.1.5); 
Lamelkdoris one each of median, laterals and marginals 
(1.1. 1.1.1) ; Idalia, Arwvla, and Thecdcera the same as Goniodoris * 
Crimora several each of laterals and marginals. Even species of 
the same genus may differ ; thus the formula for Aeolis papillosa 

18 0.1.0, but for Ae, Landshergi 1.1.1 ; for Philine aperta 1.0.1 
but for Philine pminosa 6.0.6. ^ 

It must not be forgotten, however, that a simple repetition of 

t e same tooth, whether lateral or marginal, does not necessarily 

constitute an important characteristic, nor does the presence or 

absent of a central tooth. In most of the cases mentioned above 

he difference in the number of laterals and marginals is due to 

the multiplication of identical forms, while the central tooth when 

pr^ent, is often a mere plate or narrow block without cusps 

whose prince or absence makes little difference to the character 
ot the radula as a whole. 


(^r) Ihulula with a single strong central tootli, rows few. 
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This form is characteristic of the Aeolididae, Fionidae, (Tlaucidjie, 
Dotoidae, Heriiiaeidae, Elysiidae (Fig. 135), and Limapontiidae. 
In the Aeolididae it is sometimes accompanied by a single 
lateral. The same type occurs in Oxynoe, and in Lohiger ( = 
Lophocercusy 

(/>) Eadula with the first lateral very strongly developed. 
This tj"pe may take the form of (1) a single lateral, no central or 
marginals, e.g. Onchidoris, Scaphander (Fig. 137, A) Philine 
(certain species), Ringicula, or (2) first lateral strongly developed, 
and repeated in succeeding laterals (2-6) oma smaller scale, e.g. 
Philine (certain species). A few marginals are sometimes added. 



Fig. 135. — Radula of Elysia 
inrirfwMont. x 40. Type 
(a). 



Fig. 136. — Portion of the radula 
of Oadinia peruviana Sowb., 
Chili. X 250. Type (c). 


e.g. in Polycera, Lamellidoris (where there is a degraded central 

tooth. Fig. 137, B), Idalia, and Ancida. 

(c) Eadula with an indefinite nmnber of marginals, laterals 

(if present) merging into marginals, central tooth present or 
absent, inconspicuous, teeth all veiy smalL This ty^ of ra a, 
among the Nudibranchiata, is characteristic of certain subgenera 
of Doris (e.g. Chromodoris, Aphdodoris, Casella, Centrodorts), o 
Hypohranehiaea and Pleurophyllidia ; among the Tectibranchiata, 
of Actaeon, many of the Bullidae, Aplvstrum, the Aplysiidae, 

Pleurobranchus, Umbrelln and Gadinia (Figs. 136 and ' 

In the Pteropoda there are two types of radula. The Gymno- 
somata, which are in the main carnivorous, pos^s a radula with a 
varying number (4-12) of sickle-shaped marginals, centra 
present or absent. In the Thecosomata, which feed on a vegeta e 
diet, there are never more than three teeth, a central and a 
marginal on each side j teeth more or less cusped on a sfjuare 
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Pulmonata. — Tlie radula ot‘ the Testiicellidae, or carnivorous 
land Molliisca, is large, and consists of strong sickle-shaped teeth 
with very sharp points, arranged in rows with or without a 
central tooth, in such a way that the largest teeth are often on 
the outside, and the smallest on the inside of the row (as in 
Rhytida, Fig. 139). The number and size of the teeth vary. 
In Testacella and Glandina, they are numerous, consisting of 
from 30 to 70 in a row, with about 50 rows, the size through- 
out being fairly uniform. In Aerope they are exceedingly large, 



Fia. 137. — Portions of the radula 
of 0 pis tho bran chi ata, illus- 
trating types {h) and (c) ; A, 
Scaphander ligriarius L. ; A', 
one of the teeth seen from 
the other side, x 40 ; B, 
LaTndlidoris hilamellaia L., 
Torbay, x 60 ; C, Hydatina 
physis L. , E. Indies, x 75. 


and only eight in a row, the outermost marginal being probably 
the largest single tooth in the whole of the Mollusca. The 
central tooth is always obscure, being, when present, simply a 
weaker form of the weakest lateral ; in genera with only a few 
teeth in a row it is generally absent altogether. 

The’ first family of jaw-hearing snails, the Selenitidae, is 
distinctly intermediate. The possession of a jaw relates it to 
the main body of Helicidae, but the jaw is not strong, while the 
teeth are still, with the exception of the central, thoroughly 
Testacellidan. The central tooth is quite rudimentary, but it is 
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sometliing more than a mere weak reproduction of the marginala 
Ihere are no true laterals. The Limacidae show a further stage 
in the transition. Here the central tooth has a definite shape of 
its own, tricuspid on a broad base, which is more or less repeated 
in the first laterals 5 these, as they approach the marginals. 



Fio. 138. — Portion 
of the radula of 
Glandina trun- 
cata Gmel. x 40. 


gradually change in form, until the outer marginals are again 
thoroughly Testacellidan.^ This is the general form of radula, 
varied more or less in different genera, which occurs in Naniim, 
Helicarion, LimaXy Parmacella, and all the subgenera of Zomtes. 
It is certain that some, and probable that all of these genera will, 



Fio. 139. — Portion 
of the raduJa of 
RhytidaKraussii 
Vfr.t S. Africa. 
X 25. 


on occasion, eat flesh, although their usual food appears to be 
vegetable. The jaw is more powerful than in the Selenitidae, but 

never so large or so strongly ribbed as in Helix proper. 

When we reach the Helicidae, we arrive at a type of radula 

* In some cases (e.p. Hyalinia inornata) the laterals aje very few, while in Zonites 
UievigcUus the first side tooth is more of a marg^inal than a lateral. 
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in which the aeuleate form of tooth — so characteristic of the 
Agnatha — disappears even in the marginals, and is replaced by 
teeth with a more or less quadrate base ; the laterals, which are 
always present, are intermediate in form between the central and 
the marginals, and insensibly pass into the latter. In size and 
number of cusps the first few laterals resemble the central tooth ; 
in the extreme marginals the cusps often become irregular or 
evanescent. As a rule, the teeth are set squarely in the rows, 
with the exception of the extreme marginals, which tend to slope 
away on either side. In some Helicidae there is a slight approxi- 
mation to the Zonitidae in the elongation of the first marginals. 

The above is the type of radula occurring in the great family 
Helicidae, which includes not only Helix proper, with several 
thousand species, but also Avion, Bvlimus, Ariolivnax, and other 
genera. The jaw is almost always strongly transversely ribbed. 

In the Orthcdicidae (Fig. 140, C) the teeth of the radula, 
instead of being in straight rows, slope back at an angle of about 
45 degrees from the central tooth. The central and laterals are 
very similar, with an obtuse cusp on rather a long stem ; the 
marginals become bicuspid. 

In the Bvlimvlidm y which include the important genera 
PlacostyluSy AmphidromuSy PartvXay Amphibvlimus , and all the 
groups of South American BvlimuluSy the jaw is very char- 
acteristic, being thin, arched, and denticulated at the edges, as if 
formed of numerous narrow folds overlapping one another. The 
radula is like that of the Helicidae, but the inner cusp of the laterals 
is usually lengthened and incurved. In Partvla the separation 
between laterals and marginals is very strongly marked. 

The remaining families of Pulmonata must be more briefly 
described. In the Cylindrellidde there are three distinct types of 
radula ; (a) Central tooth a narrow plate, laterals all very 
curiously incurved with a blunt cusp, no marginals (Fig. 140, D); 
(6) radula long and narrow, central tooth as in (a), two laterals, 
and about eight small marginals ; (c) much more helicidan in type, 
central and laterals obtusely unicuspid, marginals quite heli- 
cidan. Type (c) is restricted to Central America, types (a) and 
(^>) are West Indian. 

Pupidae: Eadula long and narrow*; teeth of the helicidan 
type, centrals and laterals tricuspid on a quadrate base, marginals 
very small, cusps irregular and evanescent. This type includes 
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Anosloitia, OdontoRtomns, Buliminns, Vertir/o, Strophia, Holospira 
Claufiilia, and Balea. ’ 

Stenoffyridne, including Achatina, Stenoyyra, and all its sub- 
genera : Central tooth small and narrow, laterals much larger, 
tricuspid, central cusp long, marginals similar, but smaller. 

AchatindUdae : Two types occur ; («) teeth in very oblique 
rows, central, laterals, and marginals all of the same type, base 
narrow, liead rather broad, with numerous small denticles 
{Achatinella proper, with Auriculella and Tornatellina, Fig. 



Fig. 140. — Portions of the radula of A, Hycdinia nitidula Drap. , Yorkshire, with central 
tooth, first lateral, and a marginal very highly magnified ; B, Helix pomatia L., 
Kent, showing central tooth, laterals, and one extreme marginal, the two former 
also highly magnified ; C, Orthalicus undahis Brug., Trinidad, with three laterals 
highly magnified ; D, CylindreUa rosed Pfr., Jamaica, central tooth and laterals, 
the same very highly magnified ; £, Achaiinella vulpina Fer., Oahu, central tooth 
(c) and laterals, the same highly magnified. 


140, E) ; (6) central tooth small and narrow, laterals ])icii8pid, 
marginals as in Helix (Amastra and Carelia). 

Succineidae : Central and laterals helicidan, hi- or tricuspid on 
a quadrate plate, marginals denticulate on a narrow Imse ; jaw 
with an accessory oblong plate. 

Janellidae : Central tooth very small, laterals and marginals 
like Achatinellidae (a). 

Vctginulidae : Central, laterals, and marginals unicuspid 
throughout, on same plan. 

Onchidiidae : Ttows oblique at the centre, straight ne/ir the 
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edges ; central strong, tricuspid ; latenils and marginals very 
long, falciform, arched, unicuspid. 

Auriculidae : Teeth very small \ central narrow, tricuspid on 
rather a broad base ; laterals and marginals obscurely tricuspid on 
a base like S'mcinea, 

Limnaeidac : Jaw composed of one upper and two lateral 
pieces ; central and lateral teeth resembling those of Helicidae ; 
marginals much pectinated and serriform (Fig. 141. A). In 



Fig. 141. — Portions of the radnla of 
A, LimnaM slagnalis L., with the 
central tooth and two first laterals, 
and two of the marginals, very 
highly magnified ; B, Ancylus 
jluvialUU Miill., with two of the 
marginals very highly magnified ; 
C, Physa fontincUis L., with cen- 
tral tooth and two of the marginals 
very highly magnified. 


Amylus proper the teeth are of a verj" different type, base 
narrow, head rather blunt, with no sharp cusps, teeth similar 
throughout, except that the marginals become somewhat pec- 
tinated (Fig. 141, B); another type more resembles Liinnaca, 
Physidae : Jaw simple, but with a fibrous growth at its 
upper edge, which may represent an accessory plate ; radula 
with very oblique rows, central tooth denticulate, laterals and 
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marginals serriform, comb-like, with a wing-like appendage at 
the superior outer edge (Fig. 141, C). ^ 

Chihnidae : Central tooth, small, cusped on an excavated tri- 
angular base, marginals five-cusped, with a projection as in 
Physa, laterals comb-like, serrations not deep. 

Amphiholidae : Central tooth five-cusped on a broad base, 

central cusp very large; two laterals only, the first very smaU, 

thorn-like, the second like the central tootji, but three-cusped ; 
laterals simple, sabre-shaped. 

Scaphopoda. In the single family (^Dentaliidae^ the radulais 
large, and quite unlike that of any other group. The central 
tooth is a simple broad plate ; the single lateral is strong, arched, 
and slightly cusped ; the marginal a very large quadrangular plate, 
quite simple; formula, 1.1. 1.1.1 (Fig. 133, B). 

Cephalopoda. — The radula of the Cephalopoda presents no 
special feature of interest. Perhaps the most remarkable fact about 
it IS its singular uniformity of structure throughout a large number 
oi genera. It is always very small, as compared with the size of 
the animal, most of the work being done by the powerful jaws, 
while the digestive powers of the stomach are very considerable. 

The general type of structure is a central tooth, a very few 
laterals, and an occasional marginal or two ; teeth of very uniform 
size and shape throughout. In the Dibranchiata, marginals are 
entirely absent, their place being always taken, in the Octopoda, 
by an accessory plate of varying shape and size. This plate 
is generally absent in the Decapoda. The central tooth is, in 

very strong and characteristic; in Eledone and 
five-cusped, central cusp strong; in ArgoTiauta 


the Octopoda, 

Octopus it is 
unicuspid, in Tremoctopus tricuspid. 


The laterals are always 
three in number, the in- 
nermost lateral having a 
tendency to assume the 
form of the central. In 
Sepia the two inner laterals 
are exact reproductions of 
the central tooth ; in Ele- 
done, Sepiola, LoligOy and 

Sepia, tlie third lateral is falciform and much the largest. 

In Nauiihts, the only living representative of the 

branchiata, there are two^sickle-shapecl niarginalH on e^ich side. 



-Portion of the radula of Octopus 
cirrhus D. Cli., Naples, x 20. 
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each of which has a small accessory plate at the base. The two 
laterals and the central tooth are small, very similar to one 
another, uniciispid on a square base. 

Salivary glands are found in most Glossophora. They occur in 
one or two pairs on each side of the pharynx and oesophagus, the 
duct usually leading forwards and opening into the anterior part 
of the pharynx (see Figs. 143, 144). They are exceptionally 
large in the carnivorous Gasteropoda. In certain genera, e.g, 
Mur ex, Dolium, Cassis, Pleurohranchus, the secretions of these 
glands are found to contain a considerable proportion (sometimes 
as much as 4*25 per cent) of free sulphuric acid. This fact was 



Fio. 143. — Alimentary canal of Helix aspersa L. : a, anus ; h.d, h.d\ right and left 
biliary ducts ; h.m, buccal mass ; c, crop ; h.g, hermaphrodite gland ; i, intestine ; 
1 . 0 , opening of same from stomach (pyloric orifice) ; I, V, right and left lobes of 
liver ; m, mouth ; oe, oesophagns ; r, recttim ; s.d, salivary duct ; 8,g, salivary 

gland ; st, stomach ; t, left tentacle. (After Howes and Marshall, sliehtlv 
modified. ) * j 


first noticed by Troschel, who, while handling a Dolium galea at 
Messina, saw the creature spit a jet of saliva upon a marble slab, 
which immediately produced a brisk effervescence. A number 
of the genera thus provided bore through the shells of other 
Mollusca and of Echinoderms, to prey upon their soft tissues, and 
it is possible that the acid assists in the piercing of the shell by 
converting the hard carbonate of lime into sulphate of lime, 
which can easily be removed by the action of the radula.* In 
the majority of the Cephalopoda there are two pairs of salivary 

glands, one lying on each side of the mouth, the other on the 
middle of the oesophagus. 

3. 1 he Oesoph agn.H. That part of the alimcmtaiy canal which 

* Seiuoii, Biol. CetUralbl, ix. p. 80 . 
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lies between tlie pharynx and the stomach (in Pelecypoda 
between the mouth and stomach) is known as the oesophagus. 
Its exact limits are not easy to define, since in many cases the 
tube widens so gradually, while the muscular structure of its walls 
clianges so slowly that it is difficult to say where oesophagus 
ends and stomach begins. As a rule, the oesophagus is fairly 



Fio. 144. — Alimentary canal, etc., 
of Sepia offi,cinalie L. : a, 
anus ; b.d^ one of the biliary 
ducts ; b.Tiiy buccal mass ; c, 
coecum ; i, ink-sac ; i.rf, duct 
of same ; y, jaws ; l.l, lol)es 
of the liver ; oe, oesophagus ; 
Pt pancreatic coeca ; r, rec- 
tum ; s.g^ salivary glands ; «/, 
stomach. ( From a specimen in 
the British Museum. ) 


pgc 



A B 


Fio. 145. — Gizzard of Scaphander 
lignarius L. : A, showing posi- 
tion with regard to oesoj)hagus 
(oe) and intestine (i), the latter 
being full of comminuted frag- 
ments of food ; left plate ; p\ 
right plate ; p,ac^ accessory 
plate ; B, the plates as seen from 
the front, with the enveloping 
membranes removed, lettering 
as in A. Natural size. 



Fig. 146. — Section of the stomach of 
Melongena, showing the gastric plates 
{g-P, g-P^) fo** trituration of food ; 
b.d, biliary duct ; g.g, genital gland ; 

intestine; f, liver ; oc, oesophagus; 
sty stomach. (After \anstone.) 


simple in structure, and consists of a straight and narrow tube. 
In the Pulmonata and Opisthobranchiata it often widens out 
into a ' crop,’ which appears to serve the purpose of retaining a 
quantity of inasticated food before it i)asses on to the stomach. 
In Octopus and Patella the crop Uikes the form of a lobu ar 
coecum. In the carnivorous Bfollusca the oesfjpliagus 1)ecomeh 
comiilicated by tlie existence of a varying number of glands, by 



VIII 


THE STOMACH AND ITS APPENDAGES 


239 


the action of which digestion appears to begin in some cases 
before the food reaches the stomach proper. 

4. The Stomach. — At the posterior end of the oesophagus lies 
the muscular pouch known as the stomach, in which the digestion 
of the food is principally performed. This organ may be, as in 
Limax, no more than a dilatation of the alimentary canal, or it may, 
as is usually the case, take the form of a well-marked bag or pocket. 
The two orifices of the stomach are not always situated at opposite 
ends ; when the stomach itself is a simple enlargement of the wall 
of one side of the alimentary canal, the cardiac or entering orifice 
often becomes approximated to the orifice of exit (pyloric orifice). 

The walls of the stomach itself are usually thickened and 
strengthened by constrictor muscles. In some. Nudibranchs 
{Scyllnea, Bornella) they are Lined on the inside with chitinous 
teeth. In Cyclostoma, and some Bithynia, Stromhus, and Tfochus 
there is a free chitinous stylet within the stomach.^ In Melon- 
gena (Fig. 146) the posterior end of the oesophagus is provided 
with a number of hard plate-like ridges, while the stomach is 
lined with a double row of cuticular knobs, which are movable 
on their bases of attachment, and serve the purpose of triturating 
food.* A/plysia has several hard plates, set with knobs and spines, 
and similar organs occur in the Pteropoda. But the most formid- 
able organ for the crushing of food is possessed by the BuUidae, 
and particularly by Scaphander (Fig. 145). Here there is a 
strong gizzard, consisting of several plates connected by powerful 
cartilages, which crush the shells, which are swallowed whole. 

Into the stomach, or into the adjacent portions of the digestive 
tract, open the ducts which connect with the so-called liver. 
The functions of this important organ have not yet been 
, thoroughly worked out. The liver is a lobe-shaped gland of a 
brown-gray or light red colour, which in the spirally - shelled 
famUies usually occupies the greater part of the spire. In the 
Cephalopoda, the two ducts of the liver are covered by append- 
ages which are usually known as the pancreatic coeca ; the biliary 
duct, instead of leading directly into the stomach, passes into a 
very large coecum (see Fig. 144) or expansion of the same, 

‘ According to Moqum-Tandon {iloU. dc Fraiice, L i>. 44) tliis process in Bithynia 
18 attached by one end to the wall of the stomach. Vivipara, with two jaw pieces 
does not iwsscss this stylet j Bithynia, wliich does possess it, has no jaw. 

J. 11. Vanstone, Joum. Linn. Soc. x.\iv. p. 369. 
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which serves as a reservoir for the biliary secretions. At the 
point of connexion between the coecuna and stomach is found a 
valve, which opens for the issue of the biliary products into the 
stomach, but closes against the entry of food into the coecum. 
In most Gasteropoda the liver consists of two distinct lobes, 
between which are embedded the stomach and part of the 
intestine. In many Nudibranchiata the liver becomes ‘ diffused ’ 
or broken up into a number of small diverticula or glands con- 
necting with the stomach and intestine. The so-called cerata 
or dorsal lobes in the Aeolididae are in effect an external liver, 
the removal of which to the outside of the body gives the crea- 
ture additional stomach-room. 

The Hyaline. Stylet — In the great majority of bivalves the 
intestine is provided with a blind sac, or coecmn of varying 
length. Within this is usually lodged a long cylindrical body 
known as the hyaline or crystalline stylet. In a well-developed 
Mytilus edvlis it is over an inch in length, and in Mya arenaria 
between two and three inches. The bladder-like skin of the 
stylet, as well as its gelatinoid substance, are perfectly trans- 
parent. In the Unionidae there is no blind sac, and the stylet, 
when present, is in the intestine itself. It is said to be present 
or absent indifferently in certain species. 

The actual function performed by the hyaline stylet is at 
present a matter of conjecture. Haseloff’s experiments on 
Mytilus edvlis tend to confirm the suggestion of Mobius, that 
the structure represents a reserve of food material, not specially 
secreted, but a chemical modification of surplus food. He found 
that under natural conditions it was constantly present, but that 
specimens which were starved lost it in a few days, the more 
complete the starvation the more thorough being the loss , it 
reappeared when they were fed again. Schulze, on the other 
hand, believes that it serves, in combination with mucus secreted 
by the stomach, to protect the intestine against laceration by 
sharp particles introduced with the food. W. Clark found that 
in Pholas the stylet is connected with a light yellow corneous 
plate, and imagined therefore that it acts as a sort of spring to 
work the plate in order to comminute the food, the two together 
performing somewhat the function of a gizzard.^ 

» Biol. CentralbL vii. p. 683 ; SB. Oes. Not. Fr. 1890, p. 42 ; Mag. Nat. 

(2) V. 1850, p. 14. 
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5. and 6. The Intestine, Rectum, and Anns. — The intestine, 
the \vi(ler anal end of whieli is called the rectum, almost invari- 
ably makes a bend forward on leaving the stomach. This 
is the case in the Cephalopoda, Scaphopoda, ct, 

and the great majority of Gasteropoda. The 
exceptions are the bilaterally symmetrical 
Amphineiira, in which the anus is terminal, 
and many Opisthobranchiata, in which it is 
sometimes lateral (Fig. 68, p. 159), sometimes 
dorsal (Fig. 67)i The intestine is usually 
short in carnivorous genera, but long and 
more or less convoluted in those which are 
phytophagous. In all cases where a bran- 
chial or pulmonary cavity exists, the anus is 
situated within it, and thus varies its posi- 
tion according to the position of the breath- 
ing organ. Thus in Helix it is far forward 
on the right side, in Testacella, Vaginvla, and 
Onxhidium almost terminal, in Patella at the 
back of the neck, slightly to the right side 

(Fig. 64, p. 157). 

In the rhipidoglossate section of the Dioto- 
cardia (^Trochus, Haliotis, etc.) the rectum 
passes through the ventricle of the heart, a 
fact which, taken in conjunction with others, 
is evidence of their relationship to the 
Pelecypoda. « 

In nearly all Pelecypoda the intestine is 
very long and convoluted, being sometimes Fio. H/^^^nk-sac of 
doubled forward over the mouth. Towards - 

its terminal part it traverses the ventricle of 
the heart, except in Ostrea, Anomia, Teredo, 
and a few more. The anus is always at the 
posterior end of the animal, adjiicent to and 
slightly above the adductor muscle. 

Anal glands, which open into the rectum 
close to the anus, are present in some Proso- 
branchiata, e.g. Mur ex. Purpura. In the 
Cephalopoda the anal gland becomes of considerable size and 
importance, and is generally known iis the ink-siic (Fi<r 147 ). 

VOL. Ill \i ‘ ' 


... 1 . 7 * 


Sepia, showing its re- 
lation to the rectum : 
a, anus ; d, duct of 
sac ; i.g, ink - gland ; 
2.r, portion of the sac 
which serves as a re- 
servoir for the ink ; o, 
orifice of ink -gland ; r, 
rectum ; sp, double set 
of sphincter muscles 
controlling iipjier eml 
of duct. (Modified 
from Girod. ) 
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it occurs in all known living genera, except Nautilus, The ink- 
sac consists of a large bag generally divided into two portions, in 
one of which the colouring matter is secreted, while the other 
acts as a reservoir for its storage. A long tube connects the 
bag with the end of the rectum, the mouth of the tube being 
controlled, in Sepia, by a double set of sphincter muscles. 

The Kidneys 

The kidneys, nephridia,^ renal or excretory organs, consist 
typically of two symmetrical glands, placed on the dorsal side of 
the body in close connexion with the pericardium. Each kidney 
opens on the one hand into the mantle cavity, close to the amis 
(see Fig. 64, p. 157), and on the other, into the pericardium. 
The venous blood returning from the body passes through the 
vascular walls of the kidneys, which are largely formed of cells 
containino* uric acid. The blood thus parts with its impurities 

O 

before it reaches the breathing organs. 

The kidneys are paired in all cases where the branchiae are 

paired, and where the heart has two auricles, i,e, in the Amphi- 
neura, the Diotocardia (with the exception of the Neritidae), the 
Pelecypoda, and aU Cephalopoda except Nautilus, which has 
four branchiae, four auricles, and four kidneys. In other Gastero 
poda only one kidney survives, corresponding to the left kidney 

of Zygobranchiate Gasteropods. 

Besides their use as excretory organs the kidneys, in certain 

groups of the Mollusca, stand in very close relation to the genital 

glands. In fomo of the Amphineura the generative products, 

instead of possessing a separate external orifice of their 
from the genital gland into the pericardium and so out t roug 
the kidneys (see Fig. 61 C, D, p. 154). In the Diotocardia it is 
the right kidney alone which serves, besides its excretory uM 
tions, as a duct for the emission of the generative products, t e 
left kidney being at the same time greatly reduced in size. 
Thus in Patella the left nephridium is small, the right being 
much larger; both function as excretory organs, but the rig t 
serves as a mode of conveyance for the seminal products as we 
In certain Pelecypoda (e.g. Yoldia, Avicula, Modiola, Pe^ten, 
Spondylus) the genital glands communicate directly, and wit a 

* v€<pp6%, kidney. 
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similar object, with the renal pouch on the same side of the 
body, but in the majority of cases the orifices are distinct. 


The following memoirs will be found useful for further study 
of this portion of the subject : — 


D. Barfnrth, Ueber den Bau und die Thatigkeit der Gasteropodenleber : 

Arch. Mikr. Anat xxii. (1883), pp. 473-624. 
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CHAPTER IX 

THE SHELL, ITS FORM, COMPOSITION AND GROWTH DESIGNATION 

OF ITS VARIOUS PARTS 

The popular names of ' shells,' ' shell - fish,' like, as 

commonly applied to the Mollusca, the intri nsic ^ beauty and 
grace of the shells themselves, resulting in the passion for their 
coUection, their durability and ease of preservation, as compared 
^.with the npn-testa ceou s portion, — all these considerations tend 
^*^^^ ^ndul y exalt the value of the shell as part of the organism as 
a whole, and to obscure the truth t^at the shell is by no means 

the most important of the organs. 

At the same time it must not be forgotten that the old 

systems of classification, which were based almost entirely on 
indications drawn from the shell alone, have been strangely litt e 
disturbed by the new principles of arrangement, which depen , 
mainly on structural points in the animal This fact only ten s 
to emphasise the truth thaththe shell and animal are in t e 
closest possible connection, and that the shell is a living par o 
the organism, and is equally sensitive to external influencea / -js 
A striking instance of the comparative v^uelessness o o 
shell alone as a primary basis of classification is furnishe y c 
large nuinber of cases in which a limpet-shaped shell is assime 
by genera widely removed from one another in cardinal ® ® 
organisation. This form of shell occurs in the common ^ ^ 
(Patellidae), in Ancylus (Limnaeidae), Hemitoma (Fissine da^, 
Cocculina (close to Trochidae), Umbrella and Siphoruiria (Opia- 
thobranchiata), while in many other cases the limpet orm is 
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shell. In Fholas, and in some species of Thracia, there is a small 
accessory hinge plate ; in the Polyplacophora, or Chitons, the shell 
consists of eight plates (see Fig. 2, p. 8^ usually overlapping. A 
certain proportion of the Mollusca have no shell at all. Qin many 
of these cases the shell has been present in the larva, but is lost 
in the adult. "J -'T' 

The shell may be 

_ • 

(1) External, as in the great majority of both univalves and 

bivalves. 

(2) Partly external, 2 )artly inter Mil ; e.g. Homcdonyx, Hem- 



Flo. 148 . — Aplustnim apUtsire 
L., Mauritius, showing the 
partly internal shell (S) ; F, 
foot ; LL, cephalic lappets ; 
TT, double set of tentacles. 
(After Quoy and Gaiinard. ) 



Fig. 149 . — Sigaretiis laeviga- 
tus Lam., showing shell 
partially immersed in the 
foot ; F, anterior pro- 
longation of the foot. 
(After Souleyet.) 


phillia, some of the Naticidae, Scutum, Accra, Aplustrum 
(Figs. 148 and 149). 

(3) Internal ; e.g. Philine, Gastropteron, Pleurobranchus, 
Aplysia, Umax, Arion, Hyalimax, ParmaceUa, Lamellaria, 
CryptochiUm, and, among bivalves, Chlamydoconcha. 

(^) Absent , all Nudxbraru^ltxata and Aplacopliora, many 

Cephalopdda, a few laud Mollusca, e.g. all Onchidiidae, PhUomycus, 
imii.Vngiiml a. A.- ’ 

V,./The Univalve Shell. — In univalve Mollusca the normal formO 
of the shell is an elongated cone twisted into a spiral form round \ 
an axis, the spiral asetmding to the left. I’rohahly the original 
foim of the shell was a simple cone, which 'covered the vital 
)*aits like a tent. .\s these parts timded to increase in size, their 
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position on the dorsal side of the animal caused them gradually 
to fall over, drawing the shell with them. The result of these 
two forces combined, the increasing size of the visceral hump, 
and its tendency to pull the shell over with it, probably resulted 
in the conversion of the conical into the spiral shell, which 
gradually came to envelop tlie whole animal Where the 
visceral hump, instead of increasing in size, became flattened, the 
conical shape of the shell may have been modified into a 
simple elliptical plate (e.g. Limax), the nucleus representing the 
apex of the cone. In extreme cases even this plate dwindles 
to a few calcareous granules, or disappears altogether (^AHon, * 
VaginuloL). 

Varieties of the SpiraL — Almost every conceivable modifi- 



spire (Polygyratia) ; B, a globose spire (Natica ) ; 
C, a greatly produced spire {Terebra), 



cation of the spiral occurs, from the tyj^ represented by Oena, 
Hcdiotis^ Sigaretus^ and Lamellaria^ in which the spire is practi- 
cally confined to the few apical whorls, with the body-whor 
inordinately large in proportion, to a multispiral form like 
Terehra, with about twenty whorls, very gradually increasing m 


size. 

As a rule, the spire is more o ^less obliqucl 


coiledL round 


the axis, each whorl being partially covered, and therefore 
hidden by, its immediate successor, while the size of the 
whorls, and therefore the diameter of the spire as a whole, 
increases somewhat rapidly. The effect of this is to produ^ 
the elevated spire, the shell of six to ten whorls, and the wi e 
aperture, of the normal type of mollusc, tlie whelk, snail, pen- 

winkle, etc. 
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Sometimes, however, the coil of the whorls, instead of being 
oblique, tends to become horizontal to the axis, and thus we 
have anotlier series of gradations of form, from the excessively 
produced spire of Terehra to the flattened disc of Planorhis^ 
Polygyratia, EuomphcduSy and Ammonites. The shell of many 
species of Conns practically belongs to the latter type, each whorl 
folding so closely over its predecessor that the spiral nature of 
the shell is not perceived imtil it is looked at at right angles to 
the spire. 

In some cases the regularly spiral form is kept, but the 
whorls are completely disconnected ; e.g. some Sccdaria, Spirula ; 



B 


Fig. 151. — Examples of shells 
with disconnected whorls ; 
A, Cyathopoma cornu Mf., 
Philippines ; B, Cylindrdla 
hy&trix Wright, Cuba, (Both 
X 4.) 



Fig. 152. — Example of a shell 
whose apical whorls alone are 
coiled, and the remainder pro- 
duced in a regular curve. 
{Cydosttrus Mariei Morel., 
Mayotte. ) 


among fossil Cephalopoda, Gyroceras, Crioceras, and Ancyloceras ; 
and, among recent land Mollusca, Cylindrella hystrix and Cyatlio- 
jpoma cornu (Fig. 151). Sometimes only the last whorl becomes 
disconnected from the others, as in JRhiostoma (^e Fig. 180, p. 
^66), Teinostoma, and in the fossil OpJiidioceras and Macroscaphites. 
Sometimes, again, not more than one or two whorls at the apex 
are spirally coiled, and the rest of the shell is simply produced or 
coiled in an exceedingly irregular manner, e.g. Cyclosurus, Lituites, 
Ori/goeerm, Siliquaria (Fig. 15.3), Vermetus. In Caecum (Fig. 
170, p. 260) the spiral part is entirely lost, and the shell hecomes 
simjdy a cylinder. In a few cases the last whorl is coiled irregu- 
larly backwards, and is brought up to flie'a^x, so that the animal 
in crawling must carry the shell with the spire downwards, as in 
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which intervenes like an operculum between the animal and the 
substance to wliich it adheres. 

Sinistra!, or Left-handed Shells . — The vast majority of uni- 
valve spiral shells are normally d extra!, when held spire 

uppermost, with the aperture towards the 
observer, the aperture is to the right of the 
axis of the spire.^ If we imagine such a 
shell to be a spiral staircase, as we ascended 
it we should always have the axis of the 
spire to our left. 

Sinistral or ' reversed ’ forms are not 
altogether uncommon, and may be grouped 
under four classes : — 

(1) Cases ill which t\\Q cfenus is normally 
sinistral ; (2) cases in which the yenvs is 
normally dextral^ but certain species are 
normally sinistr al ; (3) cases in which the 
shell is indifferently dex tral or sinistral; 

(4) cases in which hoth genus and species 
are normally de^ral, and a sinistral form is an abnormal 
monstrosity. 

In all c<ises of sinistral monstrosity, and all in which a sinistral 
and dextral form are interchangeable (sections 3 and 4 above), 
the position of the apertures of the internal organs appears to be 
relatively affected, i.e. the body is sinistral, as well as the shell. 
This has been proved to be the case in all specimens hitherto 
examined, and may therefore be assumed for the rest. The same 
uniformity, however, does not hold good in all cases for genera 
and species normally sinistral (sections 1 and 2). As a rule, the 



Fig. 15^ — Fulfjur perver- 
sum L., Florida, x A. 



Fig. 157. — Illustration of the gradation of forms in between a dextral 

(A) and an ultra-dextral species (F). « 

anal and genital apertures are, in these instances also, to the left, 
hut not always. In Spirialis, Liniacirui, Meliidomvs, and Lanistcs 
the shell is sinistral, but the animal is dextral. This apparent 
anomaly has been most ingeniously explained l)y Siniroth, Von 
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Ihering, and Pelseneer. The shell, in all these cases, is not 


really sinistral, but ultra -dextrod. Imagine the whorls of a 
dextral species capable of being flattened, as in a Planorhis, and 
continue the process, still pushing, as it were, the spire down- 
wards until it occupies the place of the original umbilicus, 
becoming turned completely ‘ inside out,’ and we have the whole 
explanation of these puzzling fofms^^ The animal remains 
dextral, the shell has become sinistra! A convincing proof of 
the truth of this is furnished by the operculum. It is well 
known that the twist of the operculum varies with that of the 
shell ; when the shell is dextral, the operculum is sinistral, with 
its nucleus near the columella, and vice versd. In these ultrar- 
dextral shells, however, where it is simply the method of the 


enrolment of the spire that comes 


in qu estion, and not the 


formation of the whorls themselves, the operculum remains 


sinistral on the apparently sinistral shell. 

The reverse case to this, when the shell is dextral but the 
orifices sinistral, is instanced by the two fresh- water genera 
Pompholyx (from N. America), and Choanorriphcdus (L. Baikal). 
A similar transition in the enrolment of the whorls may be 
confidently assumed to have taken place, and the shells are 


styled ultra-sinistrcd. 

Yet another variation remains, in which the embryonic form 
is sinistral, but the adult shell dextral, the former remainmg 
across the nucleus of the spire. This is the case with 
Odostomia, JEulimella, Turbonilla, and Mathilda, all belonging to the 
Prosobranchiata, with Actaeon, ToruatiTia, and Actaeoniua among 
the Opisthobranchs, and Melampus alone among Pulmonates. 
Monstrosities of the SheU.— Abnormal gro^s of the 

shell constantly occur, some of them being scarcely noticea e, 
except by a practised eye, others of a more serious nature, 
involving an entire change in the normal aspect of the creature. 

Sccdariform monstrositiPA ata occasiona JlyL- jnet_j£it h j 

in Helix and PlarwrHSj^^h&ii the whorL^ become mnaturally 

elevated, ^and sometimes quite disjoined from one another , 

carinated monstr osities develop a keel on a w horl u sually sm ggth , 

ocumiTUit ^ monstrosities have t he spire produced 

l ength ^Fig. 158) ; sin istra l mo nstrosities (see 

qpire reversed : dwarfs and giants, as in our own race, are occa- 

sionaUy noticed among a crowd of individuals. 
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More serious forms of monstrosity are those which occur in 
individual cases. Mr. S. P. Woodward once observed ^ a specimen 
of an adidt Helix aspersa with a second, half-grown individual 
fixed to its spire, and partly embedded in the suture of the body 
whorl. The younger snail had died during its first hibernation, 
as was shown by the epiphragm remaining in the aperture, and 
its neighbour, not being able to get free of the incubus, partially 
enveloped it in the course of its growth. In the British Museum 
two Littorina littorea have become entangled in a some- 
what similar way (Fig. 160 B), possibly as a result of embryonic 



Fig. 158. — Monstrosities of Neptunea an- 
tiqua L., and Buccinum undatum L., 
with a greatly produced spire (from 
specimens in the Brit. Mus.) 



Fig. 159. — Monstrosities of Littorina 
rudia Mat, The Fleet, Weymouth. 
(After Sykes.) 


fusion. Double apertures are not uncommon ^ in the more 
produced land-shells, such as Cylindrella and Clausilia (Fig. 
16D A). In the Pickering collection was a Helix JiorteTisis 
which had crawled into a nutshell when young, and, growing 
too large to escape, had to carry about this decidedly extra shell 
to the end of its days. A monstrosity of the cornucopia fonn, 
in which the whorls are uncoiled almost throughout, is of exceed- 
ingly rare occurrence (Fig. 161). 

Some decades ago ingenious Frenchmen amused themselves 
by creating artificial monstrosities. H, aspersa was taken from 
its shell, by carefully breaking it away, and then introduced into 
another shell of similar size {H, nemoralis, rermiculata^ or 


’ Ann. Maij, NaJ. Illat. (2) xvi. p. 298. 

SiMt, for. iiistiUice, (^itart. Journ. Cotu-h. i. j». S40 (C'///. Harr.ni) : JuUrh. Dent, 
Malak. (irscll. 1879, p. 98 {Clauailin dnlrin). 
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pisana). At the end of several days attachment to the columella 
took place, and then growth began, the new shell becoming soldered 
to the old, and the spiral part of the animal being protected by 
a thin calcareous envelope. A growth of from one to two 
whorls took place under these conditions. The individuals so 
treated were always sordid and lethargic, but they bred, and 
naturally produced a normal aspersa offspring.^ In the British 



Fio. 160. — Monstrosities with two 
apertures : A, CylindrelUt aynesi- 
ana C. B. Ad., Jamaica ; B, 
Littorina littorea (from specimens 
in the British Museum). 



Fig. 161. — Cornucopia- 
shaped monstrosity 
of Helix aspersa^ 
from Ilfracombe. 
(British Museum.) 


Museum tliere is a specimen of one of these artificial unions of a 
Helix witli the shell of a Limnaea stagnalis. 

^Composition of the Shell. — T he shell is main ly__compi 2 aed 
of pme. s^ir \ lonate of lime, wjth a ve ryi slight proportion _oX, phos- 

ph^e of li me, a nd an organic^ base a lliefl to c hitin, knpwn,_gg ^ 

conchAolin. T he p roportion of carbonate of ^me 
vary from abouj_99 p.c. in Ag ^roTyi^ to' about 89^p^> 
ielia. Ne arly 1 p.c. of phosphate of lim e luis been obtained from_^ 
the ^lell^if Helix 7ie7noralis, and nearly 2 p.c. from that of Ostf W 
viryinica, ^ T he T^icliiolm forms a sort (iFjnen tbrano us frame- 
work for the sl^ll ; it sooh di^ipj^ars in deaf^sp^meM, living 
the shell iiiuch m ore brit tle than it was when ali v^* I Carbonate 
of magiKisia lias also been detected7 to the* extent of *12 

*4S j>.c. m Nepluiiea ~anil<iud. A tnice ors ica 

' •* — 

I las also occiisii mull y uiitm &uiid. 

^ Caillhiud, Juarn, de ConchyL vii. p. 231 ; Gaswies, iltuL p. 44. 
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When the shell exhibits a crystalline formation, the carbonate 
of lime may 1iate the form eiJ^her_of The 

calcite crystals are rhombohedral, optically uniaxal, and cleave 
easily, while the aragonite cleave badly, belpng_tp_the rholnbic_ 
syst^, and 'are harder and denser, and optically bi axal . Both 

^ ^ classes of crystal may^bccur in the same shell. 

‘ j Two main views have been held with regard to the formation 
I and structure of the shell — ( 1 ) that of Bo werbank and Carpenter, 

, that the shell is an organic formation, growing by interstitial 
deposit, in the same manner as the teeth and bones of the higher 
animals; (2) that of E^aumur, Eisig, and most modern writers, 

, that the shell is of tEe' nature or'alir'^'retibn, deposited like 
I a cuticle on the outside of the skin, being formed simply of 
'' a number of calcareous particles held together by a kind of 
I ' animal glue.' Leydig's view is that the shell of the Monoto- 
cardia is a secretion of the epithelium, but that in the 
Pulmonata it originates within the skin itself, and afterwards 
' becomes free.^ y. 

According to C arpente r, when a fragment of any recent shell 
is decalcified by being placed in dilute acid, a definite animal 
basis remains, often so fine as to be no more than a membranous 
film, but sometimes counting of an aggregation of ‘ cells ' with 
perfectly definite forms, ^e accordingly divictes all shell struc- 
tm^e in to cellular and membrano us, according to the characteristics 
of the animal basis. Cellular structure is comparatively raiie ; it 
occurs most notably in Pinna, wTiereThe shell is composed of a 
vast multEu^ of tolerably reg ulaxjiej mgonal prism s (Fig. 162 B). 
Membrano^st ructur_^comji rises all forms of shelfwlnch d^fnot 
present a cel lular tiss ue, f Carpenter held that the membrane 
itself was at one time a constituent part of the mantle of the 
mollusc, the carbonate of lime being secreted in minute * cells ' 
on its surface, and afterwards spreading over the subjacent 
membrane through the bursting of the cells. 

1 The iridescence ot nacvcons shells is due to a peculiar 
linVation of their surface, which can be readily detected by a 
lens. According to Brewster, the iridescence is due to the 
alternation of layers of granular carbonate of lime and of a very 
thin organic membrar^, the layers very slightly undidating. 
Carpenter, on the other hand, holds that it depends upon the 

^ Arch. Naturgesch. xlii. p. 209 . 
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disposition of a single ineinbranous layer in folds or plaits, whicli 
lie more or less ol)liqnely to the general surface, so that their 
edges show as lines. The nacreous type of shell occurs largely 
among those Mollusca which, from other details in their organisa- 
tion, are known to represent very ancient forms (e.g. ISucula^ 
Aviculay Trigoniay Nautilus^ It is also the least permanent, and 
thus in some strata we find that only casts of the nacreous shells 
remain, while those of different constitution^ are preserved entire. 

Forcellanous shells (of which the great majority of Gastero- 
poda are instances) usually consist of three layers, each of which 
is composed of a number of adjacent plates, like cards on edge. 
The inclination of the plates in the different layers varies, but 
that of the plates in the inner and outer layer is frequently the 



Fig. 162.— a. Section of shell of Unio ; a, periostracal layer ; 6, 

nacreous layer. B, Horizontal section ot shell of PinnUy s owm^ 
prisms. 

same, thus if the plates are transverse in the middle stratum, 
they are longitudinal in the inner ana outer strata, an , i 
longitudinal in the middle, they are transverse in the other two. 
Not uncommonly (Fig. 163 B) other layers occur. lu 
the disposition and nature of the layers is much more \ariei. 

In Unio the periostracal or uppermost layer is very t in , 
beneath this is a prismatic layer of no great depth, ^ 

whole remainder of the shell is nacreous (Fig. 162 A). ^^7 

bivalves show traces of tubular structure, while in the Venen ae 
the formation and character of the layers approaches ^ 

that of the Gasteropoda. Further details may be gathere om 

Carpenter's researches.^ ^ ^ 

* Dr. W. B. Carpenter, BrU. Ass. xiii. p. 7l ; xiv. p. 1 J P' 
Bowerbank, Trans. Micr. Soc. i. p. 123 ; Ehrenbaum, ZeU. wiss. ^ool x i. p- 
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^Formation of Shell.^ — The mantle margin is the principal 
agent in the deposition of shell. It is true that it the shell be 
fractured at any point, the hole will be repaired, thus showing 
that every part of the mantle is furnished with shell-depositing 
cells, but such new deposits are devoid of colour and of periostra- 
cum, and no observation seems to have been made with regard to 
the layers of which they are composed. As a rule the mantle, 
except at its margin, only serves to thicken the innermost layer 

of shell. 

It is probable that the carbonate of lime, of which the shell 
is mainly composed, is separated from the blood by the epithelial 
cells of the mantle margin, and takes the crystalline or granular 
form as it hardens on exposure after deposition. The three 
layers of a porcellanous shell are deposited successively, and 



ABC 

Fio. 163. — Sections of shells. A, Conus : a, outer layer ; ft, middle prismatic layer, with 
obliquely intersecting laminae above and below ; c, inner layer. B, Oliva : outer 

layer ; ft, layer of crossed and curved laminae ; c, prismatic layer, succeeded by 
layer of laminae at right angles to one another ; d, inner layer. C, Cyi^mea : «, 
outer layer ; ft, middle layer ; c, inner layer. 



the extreme edge of the mouth, when shell is forming, will 
contain only one layer, the outermost ; a little further in, two 
layers appear, and further still, three. The pigment cells which 
colour the sirrface are situated at the front edge of the mantle 
margin. ^ 

4 

Shelly matter is deposited, and probably secreted, not only by 
the niiintle, but also in some genera by the foot. This is certainly 
the cjise in Cyinhium, Oliva, Ancillaria, Cassis, Bistortio) ami 
others, in several of which the foot is so large that the shell 
appears to be quite immersed in it.- 

> See ulso p. 258. » J. E. Gray, Phi/. Tmiu,. 18S3, p. 774 f. 


Vi 
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^ The deposition of shell is not continuous. Eest periods occur, 
during which the function is dormant ; these ])erinds are marked 
off on the edge of the shell, and are known as lines of grovjtli. 
I In some cases (^Murex, Triton^ Ranella)^ the rest period is marked 
by a decisive thickening of the lip, which persists on the surface 
of the shell as what is called a varix (see p. 263 ). 

The various details of sculpture on the exterior surface of the 
shell, the striae, ribs, nodules, imbrications, spines, and other 
forms of ornamentation are all the product of similar and 




Fig. 1 65. — Neritina loiiffi- 
spiJia Reel. Mauritius. 
(Operculum removed.) 


Fig. 164 . — Murex tenuispina L., Ceylon. 



corresponding irregularities in the mantle margin, and have all 
been originally situated at the edge of the lip. /Spines, e.g. those 
of Murex and Pteroceras^ are first formed as a hollow thorn, cleft 
down its lower side, and are afterwards filled in with solid matter 
as the mantle edge withdraws. What purpose is served by the 
extreme elaboration of these spiny processes in some cases, can 
hardly be considered as satisfactorily ascertained. Possibly they 
are a form of sculptural development which is, in the main, pro- 



tective, and secures to its owners iiiiiniinity from the attacks of 
predatory fisliea 


‘ Attached ’ genera (e.g. Chavia, Spondylus) when living on 
smooth surfaces have a flat shell, but when affixed to coral and 
other uneven surfaces they become very irregular in shape. The 
sculpture of the base on which they rest is often reproduced in 
these ‘ attached ' shells, not only on the lower, but also on the 
upper valve, the growing edge of which rests on the unev en 
surface of the base. Oysters attached to the branches of the 
mangrove frequently display a cen tral c onvex rib, modelled on the 
shape of the branch, from which the plaits of sculpture radiate, 
while specimens fixed to the smooth trunk have no such rib. 
Crepidula, a genus which is in the habit of attaching itself to 
other shells, varies in sculpture according to that of its host. 
Sometimes the fact may be detected 
that a specimen has lived on a 
ribbed shell when young, and on 
a smooth one when old, or vice 
versd, A new genus was actually 
founded by Brown for a Capulus 
which had acquired ribs through 
adhesion to a Pecten. A specimen 
of Hinnitcs giganteus in the British 
Museum must at one period of its 
growth have adhered to a surface on 
which was a Serpula, the impression 
of which is plainly reproduced on 
the upper valve of the Hinnitcs}/ 

Growth of the Shell — No- 

< thing very definite is known with 

regard to the rate of growth of the shell in marine Mollusca. 
Under tavourable conditions, however, certain species are known 
» to increase very rapidly, especially ilthe food supply be abundant, 
and if there is no incqiiyenient ^cro>vffing of indmcffials./' I'etit 
de la Saussaye mentions 2 the case of a ship which &iiled from 
Marseilles for the west coast of Africa, after being fitted with an 
entirely new bottom. On arriving at its destination, the vessel 
spent 68 days in the Gambia Eiver, and took 86 days on its 
homeward voyage. On being cleaned immediately on its return 

J. E. Gray, PhU, Tram. 1833, p. 774 f. 2 Coiidiyl. iv. p 4<>4 

VOL. Ill ^ ‘ 



Fig. 166. — A specimen of Anmnia 
ephippium L., Weymouth, taken 
upon Pecten inaximuSy the sculp- 
ture of which is reproduced on 
the upper valve of the Anoinia^ 
and even on a young Anmnia 
attached to the larger specimen. 


s 
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to Marseilles, an Avicula 78 mm. and an Ostrea 95 mm. long 
(both being species peculiar to W. Africa) were taken from its 
keel. These specimens had therefore attained this growth in at 
most 154 days, for at the period of their first attachment they 
are known to be exceedingly minute. P. Fischer relates^ that in 
1862 a buoy, newly cleaned and painted, was placed in the hasin 
at Arcachon. In less than a year after, it was found to be 
covered with thousands of very large Mytilus edulis, 100 mm. 

X 48 mm., the ordinary size on the adjoining banks being only 


about 50 to 60 x 30 mm. 

Some observations have already been recorded (p. 40) on 
the growth of Helix ospeTsa. In the summer of 1858, which was 
very dry, especially in the south ot J ranee, the young Helices 
born that year were still very small in August. About the end 
of that month abundant rain came on, and iu four or five days 
young H. variaUlis, H. pisana, and H. aspersa, eating without cessa- 
tion, as if to make up for lost time, grew more than a centimetre 
of shell. The lip of a young H arhustorum has been observed to 
have grown, at the end of the first week iu the season s growth, 
3 mm., at the end of the second week, 6-25 mm., the third, 
11-5 mm., and the fourth 12-5 mm., with a finished lip. 

^Careful observation has shown that in the growth of t e s e 
of JSelix aspersa the periostracum is first produced , it is covere 
with hyaline globules, 10-12 mm. in diameter, which persist even 

in the oldest shells. Calcareous matter is ^ 

internal face of the new periostracum, af^OTne"^ a rom 
margin. It is secreted by a white zone or band of cells boun - 
ing the entire breadth of the mantle as applied to the pens ome 
Immediately behind the white zone are a series of pigmen ce 
which not only give the shell its colour but comp e e 
calcification of the shelly matter laid down by the w i e zona 
When the animal has attained its full growth an t e ip i 
finished off, the white band and the periostracum ce s comp e e 
disappear, and only such cells persist as contribute to t e in erna 
thickening of the shell Shell growth, in this species, is very 
rapid^ If a portion of the pulmonary sac is laid bare, y remov 
mg a fragment of shell, at the end of ot 2 hours 

be detected a delicate organic membrane covermg J 

and strewn with crystals of carbonate of lime. T 
> Jemm. <U Canchyl. xii- p. 3. * T. Scott. Jaum. of P- 
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with great rapidity, and soon fills up the hole with solid matter. 
For two consecutive months an animal, deprived of food, has been 
known to reproduce this membrane daily after its removal every 
morning.^ Prof. Schiedt has found that oysters, if deprived of 
the right valve and exposed to the light, not only develop brown 
pigment over the whole exposed surface of mantle and branchiae, 
but actually succeed in part in reproducing the valve and hinge.^/ 
Deposit of Additional Layers of Shell. — Mollusca possess the 
power of thickening the interior of the shell, by the deposit of 
successive layers. (This is frequently done in self-defence 
against the attacks of boring Mollusca, sponges, and worms/ 



Cases may often be noticed of Ostrea, Spondylus, and other 
sedentary mollusc8,Cwhich, unable to escape the gradual assaults 
of their foes, have provided against them by the deposit of fresh 
slielly matter. A somewhat similar plan is adopted to provide 
against intrusion by way of the aperturep 
Pearls are, in many cases, the result of 
shell deposition upon the eggs or even the 
body of some intrusive parasite {Distoma, 
iilaria, etc.), and are, in some countries, 
artificially produced by the introduction of 
fragments of Siind, metal, etc., into living 
Unio and Anodonta. 

are made in India and China, the nacre 
on which is produced by thrusting them 
inside living Unionidae. 

A specimen of Helix rosacea, in the 
British Museum, into whose shell a piece 
of grass somehow became introduced, hits 
partitioned it off by the formation of a 
sort ot shelly tunnel extending throughout 

167 ). 

Absorption of Internal Portions. — Certain genera have the 
remarkable property of absorbing, when they become adult, the 
internal portions of the whorls and the greater part of the 
columellar axis.j ^The effect of this is to make the shell, when 
the process is domplete, no longer a spiral but a more or less 
produced cone, and it is found that in such cases the viscera of 


o 

Little joss images 167._A specimen of 

Helix rosacea Miill., 
Cape of Good Hope, into 
which a piece grass 
has by some means be- 
come introduced. The 
animal has protected 
itself by covering the 
grass with a shelly layer. 
(From a specimen in the 
British Museum.) 


its entire length 


> M. de Vaiepoix, Comptes Rendus, cxiii. p. 317. 
’ Pm. Ac. Nat. Sc. Phil. 1892, p. 350. 
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the spire h>se their spiral form, and take the shape of the cavity 
in which tliey lie. Amongst the genera in which this singular 

process takes placQ^re Nerita} Olivella, and Cypraea 
amongst marine forms, and nearly the wdiole of 
the Auriculidae ^ (Fig. 168)^ Conus reduces tlie in- 
ternal subdivisions of the spire to extreme thin- 
ness. It is noticeable that these genera are all 
of considerable thickness of shell, and it is per- 
haps the result of the whole energy of the animal 
being directed to the formation of its external 
protection that the internal walls of the spire 
become atrophied and eventually disappear.^^ 

Decollation. — In certain genera, when the 
shell becomes adult, the animal ceases to occupy 
the upper whorls, which accordingly die and drop 
off, the orifice at the top having meanwhile been 
closed by a shelly deposit. Such shells are termed 
decollated. In some land genera decollation is 
the rule, e,(j. in Cylindrella (Fig. 169), Eucalo- 
diuniy and Rumina, iis well as in many species of 
water tjenera, TTuncatelldy CeTithidca^ and Quoyia* 



Fk;. 168. — Auri- 
cula Judae 
Lain., showing 
^ the disappear- 
ance of the 
partitions of the 
wliorls, which 
are represented 
by dotted lines, 
(After Fischer.) 

the brackish 



Fig. 169. — A, Decollated (adult) 
form, and B, perfect (young) 
form of Cylindrella nobUior 
Ad., Jamaica ; the dotted 
line shows where decollation 
takes place. 



Fig. 1 70. — Development of 

showing the gradual formation ol 
septa ; a, apex ; ap, aperture ; ss, 
first septum; 8 s', second septum. 
(After de Folin.) B. Adult form of 
C. ebunveum Ad., Panama. x o* 


Stenoyyra {Rumina) dex^ollata, a common shell in the south of 


* Mr. B. B. Woodward has recently jiointed out (P. Z. S. 1892, p. 528) a ve 
remarkable method of shell absoridion and growth in Velatcs and certain o 

Neritidae. the 

* The only exception apiiears to be Pedipes, while 'in Cassidulu and Scaraous 

absorption is partial (Crosse and Fischer, Jcnini, dc CwuJi, xxx. p. 1/7 f)* 
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Europe, has been noticed to bang its upper whorls violently 
against some hard substance, as if to get rid of them. 



Fig. 171. Pour stages in the growth of Fissurellaj sliowing how the spire gradual Iv 
disappears and the marginal slit becomes an apical hole, A, B, C, highly mami- 
ned, D, natural size. (After Boutan.) ^ 


Special Points in the Growth of Certain Genera. — In tlie 

young of Coecum the apex is at first spiral, but as growtli 

proceeds and tlie long tube begins to form, a septum is produced 

at the ba.se of the apex, which soon drops off Soon afterwards, 

a second septum forms a little farther down, and a second piece 

drops off, leaving the shell in the normal cylindrical form of the 

adult (Fig. 170). The development of Fissurella is of extreme 

interest. In an early stage it possesses a spiral shell, with a slit 
Oil the margin of the outer 

lip of the last whorl. As 
growth advances, shelly 
matter is deposited on both 
margins, which results in 
the slit becoming a hole 
and the spme a mere cal- 
losity, until at last they 
appear to coalesce in the 
apex of the adult shell (Fig. 

171). The singular forma- 1/2. — Tliree stages iu the growth of Cypraeu 

tions of Magilus and Rhizo- P^am^r ^ specimens taken at 

cliilus have already been 

sn^Il’^l! is a thin 

spiral shell with a conspicuous apex. As giowth proceeds, the 
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surface of the whorls, which are nearly enveloped by two large 
lobes of the mantle, becomes overlaid with new layers of shelly 
matter, until eventually the spire becomes embedded, and ulti- 
mately disappears from view (Fig. 172). 

Patella, when young, has a nautiloid shell (see Fig. 45, p. 
134), but it is a remarkable fact that we are entirely ignorant, in 
this commonest of molluscs, of the transition stages which convert 
the nautiloid into the familiar conical shell. The young shell of 
Pteroceras is deceptively unlike the adult, and is entirely devoid 
of the finger-like processes which are so characteristic of the 





genus (chap. xiv.). 

Among the bivalve Mollusca, Anomia in a young stage is 

not to be distinguished from Ostrea. Soon a small sinus appe^ 

on the ventral margin, whicn 

gradually deepens and, as the 

shell grows round it, forms a 

hole for the byssus, eventually 

becoming fixed beneath the um- 

bones (see Fig. 173). In Teredo 

the two valves of the shell proper, 

which is very small, become 

_ lodged in a long calcareous tube 

Fio. 173.— Development of the byssus-or or Cylinder, which is gcneraUy 
plug-hole in Anomia, (After Morse. ^ open at both ends (see Chap. xvi. 

In Aspergillum, a somewhat similar cylinder is developed but 

the valves are soldered to the tube, an orm ^hich 

tube itself being furnished, at the anterior en , w ’ 

is perforated with holes like the rose of ® /X tube, 

while the right valve is free within it (see Chap, xn.) ^ 

encloses the whole of its sheU in a long taperm„ 
not at any point adherent to the shell/ Univalve 

Terms employed to denote v^ons generally 

Shell— The apex is the extreme top of the spi , 

consists of the embryonic 8hell(which may o j 1,^11 

by its entire want of sculpture.) When the 

m^uuea, and some Turlindla ; in the PyramxdelMax 

sinistraL . successive 

The suture is the line of junction between any t 
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whorls. It may be deep, and even channelled, or very shallow, 
as in Fig. 150 B (p. 246). 

The spire is the whole series of whorls except the last or 
body whorl, A whorl is a single revolution of the spiral cone 
round the axis. The spire may be subulate (as in Terebra, Fig. 
150 C), turretted (^Scalaria'), depressed {Polygyratia, Fig. 150 A), 


apex 


suture 

variv 

uinliilicus 

eoluinella 
anterior canal 



spire 


posterior canal (if present) 
outer lip 

mouth or apierture 


Fro. 174. — Illustrating the technical terms applied to the various parts of a 

univalve shell. 


conical {Trochus'), globose {Ampullaria, Natica, Fig. 150 B), ^vith 
almost all conceivable gradations between these types.' The 
number of whorls is best counted by placing the shell 
mouth downwards, and reckoning one for every suture that 

occurs between the extreme anterior point of the shell and 
the apex.^ 

The mouth or aperture may be (a) entire, as in Helix, 
Natica, Ampullaria, when its peristome or margin 
is not interrupted by any notch or canal, or (5) 
prolonged at its anterior and sometimes also 
at its posterior end into a canal. The anterior 
canal serves as a protection to the siphon,^ the 
posterior canal is mainly anal in function, and 
corresponds, in part, to the hole of Fissurella, 
the slit in Pleurotoma and Emarginula, and the fig. 175 .— Anal 
row of holes in. Haliotis. The mouth presents Pieuro- 

every variety of shape, from the perfect circle 

in Cyclostoma and Trochus, to the narrow and prolonged slit in 
Conus and Oliva. 

The right margin of the mouth (the left, in sinistral sheUs) is 

^ Stromhus and Pteroceraa (see Fig. 99, p. 200) exceptionally develop a siphonal 
notch which is distinct fi*oni the anterior canal. 



264 


PARTS OF THE UNIVALVE SHELL 


CHAP. 


termed the ovter lip or lahrum, the left margin tlie inner lip, 
labiuviy or columella lip} (In young shells the) outer lip is 
(iisually tliin and unfinished, while in the adult it is generally 
thickened into a rib, or furnished with more or lesj^prominent^ 
^ teeth, or given an inward or outward curve, ^n some genera, 
especially the Strombidae, the outer lip of the adult develops 
long finger-like processes, which sometimes attain an extra- 
ordinary size (Chap. xiv.). ) As growth proceeds, these marginal 
teeth and ribs are either dissolved and disappearjor are perma- 
nently incorporated, in the shape of varices, with the framework 
of the shell ) Some shells, e.g. Natica, Turritella, Actaeon, have 


Fio. 176 . — Solarium perspeciimim 
Lam., from the under side. 


Fia. 177. — Section of Turb/inella 
pyrum L., showing the plic.ae 
on the columella and the growth 
of successive whorls. 


a permanently unfinished outer lip, even in the adult stage. 
The columella lip varies in shape with the mouth as a 
whole ; thus it may be straight, as in Conus, or excavated, 
as in Sigaretvs, Struthiolaria, and Bulla. J Frequently it is 
continued by part of the body whorl, as in Ficvla, Bolium, and 
Fasciolaria. ^ 

The folds or plaits on the columella, (which are often charac- 
teristic of the genus or even family^ (e.g. Fasciolariidae, Mitridae, 
Turbinellidae) are not merely external, but continue down the 

* The ' as distinct from the columella lip, is the solid pillar of 

round which the whorls are coiled (Fig. 177), the lower, or anterior portion of whic 1 
alone is nsnally visible. ^ 
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whole spire (see Fig. 177,(}vhich also shows how successive fresh 
growths have thickened the columella).^ 

Tlie whorls may be wound in a spiral, which is either hollow, 
as in Solarium, or quite compact, as in Oliva, Terebra, Cypraea, 
witli every possible intermediate grade. This concavity, which 
varies in depth and width, is known as the umbilicus, and shells 
are accordingly spoken of as deeply {e.g. most Trochidae and 
Naticidae), narrowly (e.g. Lacuna, Littorina), or widely (e.g. 
Solarium) umbilicated. When the spiral is quite flat, as in 
Planorbis and some l£elix,(^^\\Q umbilicus vanishes entirely^ 
Shells in which the whorls are so compactly coiled on an 

ascending spiral that there is no umbilicus, are termed imper- 
forate. 

The Slit. — Many shells are furnished with a slit in the last 
whorl, which opens, in most cases, on the outer lip, and is some- 



Pio. 178.— The slit in A, Hemitoma, B, Erruirginula, C, Macroschisma, D. Cranopsis 

E, J^uncturella, F, Fissurella. ^ * 


times of considerable depth, at others a mere notch. In the 
patellifomi shells it is always in front of the apex. Tlie function 
of the slit appears to be mainly anal, (Jthe excretory products 
l)eing thus allowed to escape by a passage of their own, without 
soiling the clean water taken in by the branchiae. The posterior 
canal of some Gasteropoda probably performs a similar functioiO 
In the adult Fissurella the slit becomes an apical hole (see Fig. 
178 F),Qn the allied genera it is either immediately in front of 
the spire {Purwturella), or half-way between the spire and the 
anterior margin {RimvZa), or on the margin and well marked 
{Emarginula), or a mere indentation of the margin {Hemitoma). 
In Pleurotomaria it is exceptionally long, and is well marked in 
Bellerophon, Schismope, Scissurella, Murchisonia, and Pleurotoma 
(where it is sutural). > In Haliotis and Polytremaria it is replaced 
by a series of holes, which are closed up as the animal grows 
past them, ^ome of these holes (at least in Haliotis) certainly 
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serve the purpose of admitting water to the hrancliiae, while 

others are anal. In Trochotoina 
there are only two holes, united by 
a narrow fissure. ) 

The Tubed Land Opcrcidates , — A 
group of the Cyclophoridae;(which is 
restricted to Further India and the 
great Malay Islands,^has developed 
a remarkable sutural tube on the 
exterior of the last whorl, near 
the aperture. A similar tu])e, but 
more ol)scure, exists in Alycaeus, 
Sev^eral stages in the development 

F, 0 . I7n.-Tl,e slit in A, lielicrophon , t'il>e(iuay be notice.^ Ijegin- 

B, Pieuroiomaria, c, Schismope, iiiiig with the deviation of part of 

(not peristoiiie into a simple irregu- 
lar shelly plate, l^diich is continued, 
first into a short, and then into a long tube, which becomes 
soldered to the shell ; finally, the tulie becomes free, and the 
anterior part of the last whorl is disconnected from the spire 

(Fig. 180 A-D). > 

It is singular that the tul^e does not appear to be of any use 
to the animal,^ since its internal extremity, in the complete form. 







Fig. 180. — Development of the tube in the tul>ed operculates : A, Ptentcyclus rvpesins 
Bens. ; B, Opisthoporus t/irostris Pi'r. ; C, Sjdracvlvm travancaricuni Be<hl. ; D, 
Rhiostoma Hoiisei Pfr. 

is closed, and does not communicate with the interior of the 
whorl. It may be presumed, however, that in origin the tulie 
served as a means of conveying air to the animal when the 
operculum was closed. The holes in the pcfristome of Puptrui, 
CataulvSy and Anostoiaa (Fig. 154) may lie compared. ^ 
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The Operculum. — The operculum is a cuticular development 
of a group of cells situated on the dorsal 
side of the foot, [exactly over the terminal 
point of the fibres of the columellar muscle.^ 

(^It is so situated that in crawling it is 
generally carried free of the shell, some- 
times at the extreme upper end of the foot, 
more usually somewhat nearer to the shell 
(Fig. 181 ).) In Pterocyclus it is pushed back 
into the umbilicus when the animal is in 
motion. \ ^ 

The operculum is present in nearly all 
land, fresh- water, and marine Prosobran- 
chiata, absent in all Opisthobranchiata in 
the adult state, except Actaeon, and in all 
Pulmonata, except Amphibola. ^It has been 
lost in the following marine Prosobran- 
chiata: many Cancellariidae and Conidae, 

Oliva (though present in Olivella and 
Ancilla'), Harpidae, Marginellidae, Voluta proper (though pre- 
sent in V, musica\ nearly all Mitridae, Cypraeidae, Doliidae, 
lanthinidae ; and, of land genera, in Proserpinidae. . It is evident, 
therefore, that its presence or absence is of limited value in 
classifi cation. J In some species of Ampullar ia and Natica it 
is horny, in others shelly. ^Jall found that in a number of 
specimens of Volutharpa ampullacea, 15 p.c. had opercula, 10 
p.c. traces of the operculigenous area, but no operculum, the rest 
no trace of either.) Monstrosities of Buccinum undatum some- 


Fio. 181. 
Lam., 
foot : 


— Ehuma spiraia 
E. Indies. F, 
OP, operculum ; 
P, penis ; S, siphon ; 
T, tentacles, with eyes 
at their base. (After 
Souleyet.) 


times occur, wliich have two, or in rare cases three opercula. 

As a rule, the oiwrculuiu exactly fits the mouth of the shell. 
But lu ciises wliere the mouth is very lar{i;e (e.fr. Conus, Stromhus, 
Cow.holej)as, some BuJlia), it only covers a very small portion 
and is quite inadecpiate as a protection (Fig. G2, p. 155). f Again, 
when tlie shell has assumed' a more or less) limiKjt-shaped form’ 
and habitually adheres to flat surfaces without much occasion for 
locomotion,) the operculum becomes degraded and is probably on 
the way to being lost altogether. (Tliis is tlie case witl^ Navi- 
eella (a modified Nerita,see Fig. 13, p. 17), Coiicholepas (a modi- 
fied Purpura), Sit/aretus (a modified Natica). (^Probably the more 
completely patelliform sliells of Crepidula, HuHolis, Fissurella 
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and Patella have reached the stage at which the operculum has 

been lost entirely. ) In Navicella, besides becoming degraded, the 

operculum has actually become partly internal, (^and apparently 

serves the purpose of separating the viscera from the upper 

part of the foot, something like the shelly plate in Crepidula. 

Ibis explains why the operculum in this genus is polished on 
both sicles.^ ) 

Some authors have imagined that the operculum is homo- 
logous (a) to the second valve in Pelecypoda, (6) to the byssua 
It differs, however, morphologically from the former in the 
essential point of not being produced by the mantle' and from 
the latter in not l)eing produced by a special gland. 

As regards shape and formation, the operculum has usually 
a more or less well-marked nucleus which may be central (e.g. 
Livona^, subcentral (^Ampullar id), lateral {Purpura), or terminal 





Turbo Turbo Livona Ampullaria Natica 

(Sarmaticus) (Callopoma) 

Fro. 182. — Various forms of opercula. 

{Pyrula). As a rule, both the inner and outer surfaces are fairly 
flat, but in Torinia, Cyathopoma, and Pterocyclus the outer sur- 
face is elevated and conically spiral^n some Turbo (e.g. Sarmati- 
cus) it is covered with raised tubercles resembling coral, while in 
others (e.g. Callopoma) it is scored with a deep trench, Aulo- 
poma, a land genus peculiar to Ceylon, has a paucispiral oper- 
culum with hollow whorls, deceptively like a Plauorhis ; it fits 
over the aperture instead of into it. ^ In I/tvona and most 
Trochidae the operculum is cartilaginous and multispiraL In 
StroTribus it is narrow, curved, and often serrated like a leaf 
on one of the edges •\in Conus it is narrowly oblong and rather 
featureless; in Litt<mna, paucispiral and always cartilaginoua 

^ J. E. Gray, Phil- Trans. 1833, p. 812. 
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Ib inany c<is6S (c.g. there is no true spirul form, hut 

the striae are concentric to a nearly central nucleus, and thus 
give the appearance of a spiral. The evolution of the oper- 
culum in Navicella from Nerita has already been illustrated (p. 
10). Neritopsis has a very remarkable ox>ereulum, the striated 



Pyrula Purpura Littoriua Auloponia Toriwiar Neritopsis Conus 

^2 X 3 Strom bus x 2 

Fig. 183.— Various forms of opercula. • 


appendage of which locks behind the columella of the shell, like 
the tooth in the opercula of the Neritidae. \ 

Terms employed to denote various parts of the Bivalve Shell 

The umbo, or beak, is the apex of the hollow cone, ^f which 
each valve may be regarded as consisting.) This apex is usuaUy 
more or less twisted : it is markedly spiral in Isocardia, {Biceras, 
some Chama, and especially Requienia,\f/hi\e in Pecten, Lepton^ 
and others the spiral is altogether absent. ('As a rule the 
umbones point forward, le.') towards the anterior end of the 
shell. In Doimx, Nucula, ^and Trigonia, however, )they point 
backward. (Jbe umbones are generally more or less approxi- 
mated, but in u4.rca they are widely separated.) 

An equilateral shell is one in which the umbones are more 

or less central Ijvith regard to its anterior and posterior portion \ 

while in an inequilateral shell the umbones are much nearer one 

end than the other. I, On the other hand, equivalve and inequi- 

valve are terms used to express the relation of the two valves 

to one another as a whole. ) Thus nearly aU bivalve shells are 

more or less inequilateral^ut a comparatively smaU proportion 
are inequi valve. ^ 


The dorsal ,nargin is adjacent to, the ventral margin opposite 
to, the umbones. The anterior and posterior margins are respec- 
uvely the front and hinder edges of the slielL 

The muscles which serve to close the valves leave impressions 
on the inner surface of each valve. These, when both muscles 
are present, are known as the anterior and posterior- adductor 
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%mprcssions.) Tlie impression produced by the muscular edge of 
the mantle, (Svliich cimves downwards and backwards from the 
anterior adductor impression^ is known us the paJUal line, f In 
sliells witli only one muscle it is represented liy an irregular row 
of small marks, or disappears altogether (Ostrca). The pallial 
sums is jiroduced by the muscles which retract the siphons, 
and is most marked in those genera in which the muscles are 
powerlul and the siphons large (e.g. Tellina, Mya). It is entirely 
absent in genera possessing no retractile siphon^ 
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Fio. 184 — Left valve of T’'e???/s gnidia L. : 
A, anterior, B, posterior, C, dorsal, 
D, ventral margin, AB, length, CD, 
breadth of shell. 

a. 771 , anterior ; j?. 771 , posterior adductor 
muscle ; 77, ]>allial line ; /7.5, pallial sinus; 
/, ligament ; lUy luniile ; w, umbo ; c, 
cardinal teeth ; a./, anterior lateral tooth ; 
p.ly posterior lateral tooth. 
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Fig. 185. — Right valve of Livcina tigeriria 
L. : A, anterior, B, posterior, C, dorsal, 
D, ventral margin ; AB, length, CD, 
breadth of shell. 

rt.TTi, anterior; / 7 . 771 , posterior adductor 
muscles ; jo, pallial line ; /, ligament ; w, 
umbo ; c, cardinal teeth ; «./, p.l, ante- 
rior and posterior lateral tooth. 


Might and Lej't Valve. — simplest way of distinguishing the 
valves as right and left is to hold the shell in such a way that 
the siphons point towards the observer, and the mouth away 
from him ; in this position the valve to the right is called the 
right valve ^ and the valve to the left the left valve. If, however, 
the animal is not present, it may be remembered that the liga- 
ment is nearly always hehiml the beaks, and that the beaks, as a 
rule, point forward, thus the right and left valves can generally 
be named by observation of the beaks and ligament. When the 
ligament is median to the valves (e.g. Ostrea, Pecten'), and the 
beaks are not curved, the valves may be recognised by noting the 
fact that the impression of the adductor muscle (in these cases 
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always single) is nearer to tlie posterior than to the anterior 
side. In a similar way the pallial impression, which only forms 
<i sinus on tlie posterior side, furnishes a guide to the valves of 

Donaxc, in wliich the beaks point backward, and of Tellina, in 
which the be^iks are frequently central. 

In the fixed inequivalves (e.g. Chama) it is sometimes the 

right, sometimes the left valve wliich is undermost, but the 

fixed valve, whether right or left, is always deep, and the free 

valve flat. Ostrea and Anomia are always fixed by the left 
valve. \ J J 

The luntdc is a well-marked area in f ront of and close to the 
umbones, usually more or less heart-shaped, and 

limited by a ridge. Generally it is shallow, but 
sometimes, as in Dosinin, Opis, and some Cardium, 
ileeply impre&sed. A corresponding area behind 
the umbones, enclosing the ligament, is called 
the escutcheon (Fig. 186), but it seldom occurs. 

The hyament is a more or less elastic band, 
which unites the two valves along a line adjacent" 
to the umbones. . / As ^ iile. the greater part, of 
the ligament i^^xtern^to the shell, but it may Fio. ise. - Venns 
be entirely (internal.^ It is placed, normallv Lam.: 

behind the umbones, but in a few cases, when • 

the hinge line is very long (Aren, Pcctuncidus'), 

It extends in front of them as well.^ (^The edges' 

W 'r is mainly ex'ternal, are more or 

less excavated lor its reception. When internal it is .renerally 

Ihe ligament consists of two distinct parts, which may occur 
together or separately, the external, or lujament proper and the 
internal or cartdaye. /Only the external portion can be seen 
when he valves are choseiL As a rule, the two portions are 
intimately connected with one another, the ligament foldim^ over 
the cartilage, but in some cases, e.g. Mya. Mactra. y,\xevG the 

ligament is very thin, ami runs alom. 
the dorsal margin, while the internal ligament is lar.^e soliif 

and situated in a shallow pit. In Perna, where the liiii.^e is 



w y 

ligament ; 
lunule ; w, 
umbones. 
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toothless, tlie ligament is folded into a number of transverse 
ridges, which fit into corresponding grooves in the shell. 

Ihe ligament proper is inelastic and insoluble in caustic 
potash. The cartilage is very elastic, composed of parallel fibres, 
slightly iridescent, and soluble in caustic potash. 

/ Tlie operation of the ligament — using the word as including 
the wliole ligarnental process — is in opposition to that of the 

adductor muscles. When the latter 
close the valves, they compress the 
ligament,J^an action which its elas- 
ticity resists : thus its operation 
tends in part towards keeping the 
valves open. But when ligament 
and cartilage are both fully de- 
veloped, they work in opposition to 
one another, the ligament, by its 
resistance to compression, prevent- 
ing any straining of the adductor 
muscles when the valves are open, 
and the cartilage, for the same 
King; ca, cardinals ; /.a, anterior reason, preventing the Ventral mar- 

"ZX ;‘X; gi™ of the .heU from closing too 
ment. rapidly upon one another when the 

valves are being shut. 

The Hinge, — The valves of Pelecypoda are generally articu- 
lated, below the umbones, by a hinge which is furnished, in 
the majority of cases, with interlocking teeth, small pits or 
depressions in each valve corresponding to the teeth in the 
other. The teeth are distinguished as cardinal, or those imme- 
diately below the umbo, and lateral, or those to either side of 
the cardinals, the latter being also distinguished as anterwr and 
posterior laterals, according as they are before or behind the 
umbo (Fig. 184). I In shells which are tolerably equHateral there 
is no difficulty in distinguishing between cardinal and lateral 
teeth. But when they are very inequilateral, the whole hinge 
may share in the inequality of growth, and an anterior latei^ 
may be thrown backward and simulate a cardinal, or a cardina 
may be thrown backward and simulate a posterior lateral (e.g. 
Cardita, Unio, Fig. 188). In many Chama the cardinals are 
nushed un into the umbo and become a mere ridge, while t le 


Fia. 187. — Hinge of A, right valve, 
and B, left valve of Midinia edvZis 




Fig. 189. — The hinge in Arcadae: 

A, Nacula Lorivgi Ang. x J ; 

B, Area granosa L. ; 71 . a, uin-' 
boual area. 


Tridacna scapha Lam. ; B 
Cardium enode Sowb., sbowing the inter- 
locking of the ventral inarKiu.s 


UoM or ribbino, „f tbe .urf.Kc of tl,e the upper end' 

j ""‘"‘T ■"•'•Sm «.ul ...urk U i„ 1 : 

Winch IS quite recognisable when the shell is thin ‘i- 

oreurUatfou, resulti.,,. h, iuterloekiu, of 1L "v:,';';, 

VUij. • III 
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strong anterior lateral Ijeeoines nearly central and simulates a 

Some bivalves, e.g. Anodonta, Oftfrm, Pedum, many Mytilvs 
have no lunge teeth at all, in others the laterals are wanting 


CUIh 


p.jn 


rro;rS::iT;.£r;, '• .."...r;::;, 

{Psnmmohia, Diplodonta). In the Arcadae the hinge consists o{ 

a number of very similar denticles, which are often serrate.l like 
the teetli of a comb (Fig. 189). 

Hinge Aeeth_arej^bahly, in origin, derived from the cre nula- 


u.a 
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uncommon upon the ventral margin in certain genera (Fig. 190). 
Tlie mechanical effect of these continued riblets,^when fitted 
together on the opposing valves^ would be to prevent the valves 
sliding upon one another while closing, or after being closed. 
Thus tliere would be a probability of their surviving, even after 
the ril)bing had disappeared from the surface of the shell, the 
increased strength given by the hinge compensating for, and 
making it possible to do without, the extra strength supplied by 
the ribs. It is therefore possible that the teeth of the Nuculidae 
and Arcadae, which have no distinction between cardinals and 
laterals, represent a very ancient type, from which have been evolved 
the various forms of hinge in which cardinals and laterals are 
distinguished. Even in some forms of Arcadae (comp. Pectun- 
culus) we get a hint how the transverse teeth of the typical 
Area may have become transformed into the longitudinal tooth 

of the normal lateral.^^ 

The developed hinge-teeth, (then,)ensure the opening of the 
valves in one direction ; they also secure their accurate closure 
upon one another in exactly the same plane. (^Exposed shells 
and gaping siphons matter little to animals which are protected by 
their burrowing propensities; but to those which live in material 
which can be easily penetrated by their foes, it must be of 
advantage to be able to buckle their armour absolutely tight^ 
The edentulous liinge of Anodonta is a degeneration from a 
dentate type, which retains its teeth (in Unio, eta) when subj^t 
to the jar of rapid streams, but tends to lose them m the stiller 

waters of canals, lakes, and ponds. ^ 

Other processes in the bivalve shell. — In Anai'ina ^n o 
is fissured and strengthened on the inside by a kind of urn^na 
plate which carries the ligament. Some, forms of 
develop a strong internal umbonal rib, which ^rves ^ a hnttv^ 
to strengthen the shell.; In Fholas the so^ed falcto pr^ 

cess serves as a point of attachment for the , 

and viscera. Tlmre is no ligament or hinge-teeth, the pl^ of 

the latter being taken by the anterior adductor mi^ into 

att'ached to the binge-plate, the latter being reflectea back int 

X iXsepti/er the anterior adductor muscle is 

sit of shelf or myophore. and m CwulUua the pos 

■ > W. H. Dali, Anur. Jaum. Se. xxxv'iil p. 445 C 
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adductor ^ pirtly raised 011 a similar and very prominent 
fo n 1 1 ci t i ( ) 1 1 

Lemjth and breadth of bivalve sliells is variously measured. 
Most authorities measure length, or ‘ antero-posterior diameter/ 
by a straight line drawn from the extreme anterior to the 
extreme posterior margin, and Irreadth by a similar line, drawn 
from tlie umbones to a point, not very clearly marked, on the 
opposite ventral margin (see Figs. 184 and 185). Others, less 
correctly, reverse these terms. Thickness is measured by the 
extreme distance of the opposite faces of the closed valves. As, 
a rule, the length exceeds, and often greatly exceeds, the thick- 
ness, but in a fevv cases— W^^Cardissa section of Cardium— 
th is IS reYt iisecL ) — — 

The periostTcwum.—l^o^rXj all shells are covered, at some 

peijod of their growth, by a periostracum^ or sui-facii skin which 

serves the purpose of protecting the shell against the destructive 

e ec s o le chemical action set up by water or air. It also in 
some cases (see p. 258), acts as a kind 

of base, upon which the shell is de- 
posited.^ In old shells it is commonly 
worn away, especially at those parte 
whic^reji kely to become abrade d.3 
The form and composition of the 
periostracuin varies greatly. Some- 
times (e.g. Oliva) it is a mere trans- 
parent film, at others {^Zonites) it is 
transparent, but stout and solid. It 
is^ corneous in Solenomya, covered 
with fine hairs in many Helicidae, 
in Conus, Velutirui, and Cantharus it 
is thick, fibrous, and persistent ; in 
Trichotropis and some Triton it is 
furnished with long bristles on a 
thick ground (Fig. 191). In fresh- 

water shells it is usually . rather . thick, in order to protect the 

hell from the erosive powers of certain kinds of water ( In 
some cases {Mya, Anatina) the periostracuin is continued over the 
siphons, so as to form a protection throughout their whole length. 1 

outerUyc^oTtee^nr properly restricted to the 

jrci 01 me Skill ol the vutiUle, and body generally. 



— Tnton olearium L. , 
Mediterranean, an example of 
a shell with a stout and hairy 
periostracum. x A. 
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Erosion. The fresh- water Mollusca generally, and marine 
mollusca in a few rare cases {Purpura^ L ittorina) j ire subject to 
erosioUy or decay in the shell substance. x.^Tn unirolves erosion 
usually sets in near the apex (Fig. 192 ), wher e the life of the 

shell may be regarded a's w^akes^ and in bivalves 
near the iimbones. It is commonest in old shells, 
and rarely occurs in tlie very young. So long as 
the periostracum is i)resent to protect the shell, 
erosion cannot set in, but when once it has been 
removed the shell is liable to the chemical changes 
set up in its substance by water. There is 
abundant evidence to show that erosion is caused 
by pollution of water. (^Out of many instances 
one must suffice. In a certain stream near Boston, 
U.S., numbers of Mollusca occurred, the shells of 
which were very perfect and free from disease. 
Some little way down stream an alkaline manu- 
factory drained its refuse into the water. At and 
below this point for some distance every shell was 
more or Jess eroded, most of them seriously. 
Farther down, when the alkali refuse became diluted away, the 
shells retained their normal condition.^ 

A small percentage of lime in the w'ater appears to produce 
erosion, ^he result of some experiments by G. W. Shrubsole, in 
the investigation of this point, may be tabulated as follows : 

Water from 

River Dee, near Chester . 3*00 grs. acted strongly on shells 

Wrexham .... 4*00 grs. 

River Dee, near Llanderyel . 0*53 grs. 

Trent Canal . . .8*33 grs. no action 


Fio. 192. — Ex- 
anijile of an 
eroded fresh- 
water shell 
( Melania con- 
fasa Dohrn, 
Ceylon). 
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^ J. Lewis, Proc. Boat, Soc. vi. p. 149. 


* Jov/m, of Conch, v. p. 66. 
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CHAPTER X 


GEOGRAPHICAL DISTRIBUTION OF LAND AND FRESH-WATER MOL- 

LUSCA— THE PALAEARCTIC, ORIENTAL, AND AUSTRALASIAN 
REGIONS 

The Mollusca afford specially valuable evidence on problems of 
geographical distribution. This fact is largely due to their 
extreme susceptibility to any change in the conditions of life, 
Genera which are accustomed to live in a certain temperature 
and on certain food, cannot sustain life if the temperature falls or 
rises beyond certain limits, or if the required food be not forth- 
^naing. There is therefore a marked contrast between the 
oUusca of the tropics and of the temperate zones, while different 
regions in the same latitude, whether within or without the 
tropics, often show great diversity in their fauna. Every region 
18 thus charMterised by its Mollusca. The Mollusca, for instance 
o Australia or of South Africa characterise those countries quite 
M much M do the kangaroo and the emu, the hartebeest and^ the 

T n °ofchmg like them anywhere else in the world, 

n he Greater AntiUes the Mollusca stand out beyond aU other 

forms of life as characteristic of the islands as a whole and of 
each separate island in particular. ’ 

The geographical distribution of the land and fresh -water 
Mollusca must be considered quite apart from that of the marine 
Mollus^ The sea offers no such serious barriers to the spread 
of the latter as the land does to the spread of the former. If we 

were to journey to the Azores, and turn our attention to the 

nd-snails, we should find them almost wholly peculiar whiG 
.mo„gst the ,ea.ehell, „e should recognise man, „ ^ 

those of the Mediterranean. The marine Mollusea o^ the Sand 


278 


LOCALISATION OF GENERA AND SPECIES 


CHAP. 


wich Islands, in spite of the enormous intervening distance, are 
not very different from those of Natal, but the land Mollusca of 
the two countries are as widely different as is possible to imagine. 

Land Mollusca are, as has been remarked, fettered to the soil 
Quadrupeds, birds, fishes, and reptiles are provided with organs of 
motion which enable them to overpass barriers of various kinds. 
Even plants, although themselves incapable of motion, may be 
conveyed in every direction by means of seeds, which are either 
wafted by the wind or adhere to the skin of animals. But the 
Mollusca have no such regular means of transport, and are, in a 
large number of instances, limited to districts of a certain 
character of soil, or producing certain kinds of vegetation. 

The localisation, both of genera and species, occurs all over 
the world. The genus jichatinella, which is pecuhar to the 
Sandwich Islands, is found there in a profusion of species. It 
lives in the mountain valleys which radiate from the central 
ridge of each island, and each valley is characterised by its own 
peculiar set of species. The great carnivorous Glajidina is 
restricted to Central America and the adjacent parts of the two 
continents, with one or two species in Southern Europe. Bvlxmus 
proper is restricted to South America ; Achatina to Africa south 
of the Sahara ; Tornatellina to the Pacific Islands ; Cochlostyla 
to the Philippines ; Cylindrella and Bvlimvlus are peculiar to the 
New World ; Bxdimimis, Nanina, Scarabus, and Camdula to the 


Old. 

Extreme cases of this restriction of habitat sometimes occim. 
Thus Limnaea involuta is foimd only in a single small mountain 
tarn in Ireland ; Clausilia scalaris along a narrow strip of li^- 
stone in Malta ; Strophia narui is confined to a few square r s 
on an island that is itself a mere dot in the Canbb^n 5 the 
<renus Camptonyx occurs only in the neighbourhood of Mt. Omnar, 
fn Gujerat ; and Lantzia in moss on the top of a mountain in 


^^'Attempts to colonise snails in strange locaUties have usi^y 
resulted in failure, especiaUy when the attempt h^ 
serious changes of environment. The common CoeUvcdla 
of our coasts resists all endeavours to establish it ® “ . 

distance from the sea. Snails brought from the Biviera 

placed under almost similar conditions of climate ^ 
southern coasts have lived for a while, but have very rarely taken 
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permanent root. Mr. H. W. Kew ' has collected a good many 
of these attempts to acc-limatise species, the general success of 
which seems to depend almost entirely on a restoration of the 
old conditions of life. 

At the same time there are certain species which exhibit a 

curiously opposite tendency, and which seem capable of flomish- 

ing in almost any part of the world, and under the most varied 

surroundings. Our own common garden snail {Helix aspersa) is 

a striking instance of this adaptability to new conditions. It 

has been established, by art or by accident, in Nova Scotia, Maine. 

South Carolina, New Orleans, California, Mexico city, Cuba, Hayti, 

Cayenne, Brazil. Valparaiso, Cui^e Town, the Azores, St. Helena, 

Mauritius, Loyalty Islands, and Australia. The great Achatina 

fvlica, of East Africa has been established first in Mauritius, and 

from thence has been carried to the Seychelles and Calcutta. 

Helix lactea, a common Mediterranean species, has been carried 

to Teneriffe and Monte Video ; Helix siniilaris, whose fatherland 

is Intern Asia, has been transported to Mauritius, Bourbon, West 

.Africa, West Indies, Brazil, and Australia; Ennea bicolor (Eastern 

Asia) to India, Bourbon, Mauritius, West Indies ; Stenogyra 

decollata (Mediterranean basin) to South Carolina ; S. Goodallii 

(West Indies) to British pineries ; Helix hortensis to New Jersey. 

Seven common English species {Limax gagates, Hyalinia cell aria, 

IT. alliaria. Helix aspersa, H. pvlchella, Pupa umbilicata) have 

oecome naturalised in St. Helena,^ and as many as nineteen in 
Australia.® 

Cases of artificial transport of this kind are readily detected ; 
they follow the lines of trade. The snails themselves or their 
ova have been accidentally enclosed with plants or mould, or have 
adhered to packing-cases, or to hay and grass used in packing. 
Thus they constitute no disturbance to the general rule of tlTe 
persistent localisation of species and genera, and there is little 
fear that the evidence wliich the geographical distribution of the 
MoUusca brings to bear upon the general problems of distribution 
will be confused by any intermixture of fauna naturally distinct. 

Land MoUusca: Barriers to Dispersal. — The chief natural 
barriers to dispersal are extremes of temperature, the sea, 
moimtain ranges, and deserts. Rivers, however large, seem of 

• The Dispersal of Shells, pp. 182-195. » E. A. Smith, P.Z.S. 1892, p. 259. 

* C. T. Musson, Proe. Linn. Soc. N. S. Wales ( 2 ), v. p. 883. 
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little effect in checking dispersal. There is no appreciable 
difference between the land Mollusca north and south of the 
Gcinges, or north and south of the Amazon. Living snails, or 
their ova, are no doubt transported from one bank to another on 
floating debris of various kinds. The barrier offered by the sea 
is obvious, and at first sight appears insurmountable; but the 
facts with regard to oceanic groups of islands like the Azores 
and Canaries (see p. 297) show that even a stretch of salt water 
many liundred miles in breadth may be ineffectual in preventing 
the dispersal of Mollusca. 

Mountain ranges, provided they are too high to be scaled, 
and too long to be turned in Hank, offer a far more effective 
barrier than the sea. Every thousand feet upward means a fall 
of so many degrees in the mean temperature, and a change, 
more or less marked, in the character of the vegetation. There 
is generally, too, a considerable difference in the nature of the 
climate on the two sides of a great mountain range, one side 
being often arid and cold, the other rainy and warm. The 
combined effect of these influences is, as a rule, decisive 
against the dispersal of Mollusca. Thus the Helices of Cali- 
fornia are almost entirely peculiar ; one or two intruders from 
states farther east have succeeded in threading their way 
through the deep valleys into the Pacific provinces, but not a 
single genuine Californian species has been able to scale the 
heights of the Cascade Mountains. The land Mollusca of India 

O 

are numbered by hundreds ; not one penetrates north of the 
Himalayas. According to Mr. Nevill,^ the change from the 
Indo-Malayan to the so-called European molluscan fauna at the 
northern watershed of the Kashmir valley is most abrupt and 
distinct ; in two days* march northward, every species is dif- 
ferent. Ranges of inferior altitude, such as the Pyrenees, the 
Carpathians, or the Alleghanies, may be turned in flank as well 
as scaled, and we find no such marked contrast between the 

Mollusca on their opposite sides. 

The most effective barrier of all, however, is a desert. Its 

scorching heat, combined with the absence of water and of 
vegetable life, check dispersal as nothing else can. The distri- 
bution of the Mollusca of the Palaearctic Region is an excellent 
instance of this. Their southern limit is the great desert which 

* ScieiU. Ktrulta Sec, Yarkarui Exped. “Mollusca,” pp. I-l®- 
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stretches, with scarcely a break, from the west coast of Africa 
to the extreme east coast of Asia. The Mediterranean offers no 
effectual barrier ; shells of southern Europe are found in pro- 
fusion in Morocco, Tunis, and Egypt, while all through Siberia 
to the extreme of Kamschatka the same types, and even the 
same species, of Mollusca occur. 

A detailed examination of the means, other than voluntary, 
by which Mollusca are transported from one place to another 
hardly comes within the scope of this work. Ocean currents, 
rivers, floods, cyclonic storms of wind, birds, and even beetles and 
frogs, play a part, more or less considerable, in carrying living 
Mollusca or their ova, either separately or in connexion with float- 
ing debris of every kind, to a distance from their native home. 
Accidental locomotion, of one or other of these kinds, combined 
with the well-known tenacity of life in many species (p. 37), 
may have contributed to enlarge the area of distribution in many 
cases, especially in the tropics, where the forces of nature are 
more vigorous than in our latitudes. The ease with which 
species are accidentally spread by man increases the probability 
of such cases occurring without the intervention of human 
agency, and numbers of instances may be collected of their 
actual occurrence.^ 

A point, however, wliich more concerns us here is to remark 
on the exceedingly wide distribution of the prevailing forms of 
fresh-water Mollusca. It might have been expected that the 
area of distribution in the fresh-water forms would be greatly 
restricted, since they cannot migrate across the land from one 
piece of water to another, and since the barriers between pond 
and pond, lake and lake, and one river system and another are, 
as far as they are concerned, all but insuperable. We might 
have expected, therefore, as Darwin and Wallace have remarked, 
to find a great multiplicity of species confined to very restricted 
areas, since the possibility of communication with the parent 
stock appears, in any given case, to be so exceedingly remote. 

As is well known, the exact reverse occurs. The range, not 
merely of genera, but even of individual species, is astonishingly 
wide. This is especially the case with regard to the Pulmonata 
and Pelecypoda. The genera Limnaea, Planorlis, Physa, Ancylus, 
Unio, and Cyclas are world -wide. Out of about ten genera of 

* Mr. H. W. Kew, TJie Dispersal of Shells, has brought together a very large series. 
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fresh-water Mollusca in New Zealand, one of the most isolated 
districts known, only one is peculiar. In South Africa and the 
Antilles no genus is peculiar. In the latter case, this fact is 
remarkable, when we consider that the same sub-region has at 
least ten peculiar genera of operculate land Mollusca alone. 

To give a few instances of the distribution of particular 
species : — 

Limnaea stagncdis L. occurs in the whole of Europe, .and 
northern Asia to Amoorland, Turkestan, Afghanistan, North 
Persia, and Kashmir ; Greenland, North America from the 
Atlantic to the Pacific, and from North Canada and British 
Columbia as far south as Texas. The distribution of L. peregra 
Mull., L. truncatvXa Mull., and Z. palustris Mull, is almost 
equally wide. 

Planorhis alhus occurs in the whole of Europe, and northern 
Asia to Amoorland, Kamschatka, and Japan; Turkestan, the 
Altai-Baikal district, Alaska and Greenland, North Canada, and 
the whole of eastern North America. 

The distribution of Anodonta anatina L, Cyclas cornea L., 
and Pisidium pusillum Gmel. is almost equally wide. 

It is evident that the accidental means of transport mentioned 
above are insufficient to account for the facts as we find them ; 
we are therefore compelled to seek for further explanation. 
Anything in the nature of a current furnishes a ready means 
of transport for Mollusca which have obtained a footing in the 
upper waters of a river, and there is no difficulty in imagining 
the gradual spread of species, through the agency of floods or 
otherwise, over a whole river system, when once established at 
any point upon it. The feeble clinging power of newly-hatched 
Limnaea has often been noticed as contributing to the chances 
of their range of distribution becoming extended. Fresh -water 
Mollusca, too, or their ova, are exceedingly likely, from their 
extreme abundance, to be transported by water-birds, which fly 
without alighting from one piece of water to another. Again, 
the isolation of one river system from another is, in many 
instances, by no means well marked or permanent, and a very 
slight alteration of level will frequently have the effect of 
diverting the supplies of one watershed into another. When we 
know what enormous oscillations in level have taken place over 
practically the whole surface of the globe, we can recognise the 
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probability tliat the whole river system of the earth has been 
mixed up and reconstructed again and again, with a very 
thorough blending of adjacent fauna. 

It is possible that the very uniform conditions under which 
fresh-water Mollusca live may have something to do with the 
uniformity of their distribution and the comparative sameness 
in their development. There can scarcely be any question that 
the environments of fresh -water species are in themselves less 
varied and less liable to fluctuation than those of species whose 
home is the land. Water is very like water, all the world over ; 
it may be running or motionless, warm or cold, clear or muddy, 
but the general tendency is for it to be free from extremes of 
any kind. Even if the suiface water of a lake or river freezes, 
or becomes unusually hot, there is generally plenty of water at a 
lower stratum which maintains a less extreme temperature, and 
to which creatures can retire on the first symptoms of a change. 
From this two results will follow. Not only will the inhabitants 
of a piece of water not be inclined to vary much from the type, 
since their whole surroundings, food, etc., continue very much 
the same, but, if transported by any accident or cataclysm else- 
where, they will be exceedingly likely to arrive at a place which 
closely resembles their former liome in all essentials. Thus the 
tendency for new types to be formed would be constantly 
checked, or rather would veiy seldom arise. 

Mr. Belt, while recognising the importance of changes of 
level as affecting the distribution of frresh-water species, appears 
to regard the operations of such changes from a rather different 
point of view to that described above. " I think it probable,” 
he writes,^ that the variation of fresh-water species of animals 
and plants has been constantly checked by the want of continuity 
of lakes and rivers in time and space. In the great oscillation 
of the surface of the earth, of which geologists find so many 
proofs, every fresh-water area has again and again been destroyed. 

* • • Til us species of restricted range were always exposed to 
destruction, because their habitat was temporary and their re- 
treat impossible, and only families of wide distribution could be 
preserved.*' 

The terrestrial surface of the globe has been divided, as indi- 

^ The Naturalist in Nicaragua^ p. 334 f. 
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^ the facts of geographical distribution, into six regions 

he Palaearctic, Oriental, Australasian, Ethiopian, Nearctic; and 
Neotropical. To these is sometimes added a seventh, the Neant- 
arctic, consisting of Chili and Patagonia (and certain islands of 
the south Atlantic) ; but since the Mollusca of Chili unmistak- 
ably form a part of the Neotropical fauna, it seems hardly worth 
while to recognise a separate region for those of the extreme 
south of South America, which have no peculiar characteristics. 

In certain points the exact limits of these regions, as in- 
dicated by the Mollusca, will probably not correspond to those 
which are marked out by other zoological classes. Wallace’s line, 
for instance, does not exist, as far as the Mollusca are concerned. 

These regions may be further subdivided into sub-regions 
thus : — ° 


Regions Sub-regions 

I Septentrional 
Palaearctic < Mediterranean 

( Central Asiatic 

Oriental i Indo-Malay 

I Chinese 
i Papuan 

Australasian < Australian 

( Polynesian 


Regions 

Ethiopian 

Nearctic 

Neotropical 


Sub-regions 

( Central African 
South African 
( Malagasy 
j American 
I Californian 
f Antillean 
1 Central American 
Colombian 
Brazilian 
Chilian 


A. The Palaearctic Region 

The southern boundary of this region is the northern limit of 
the African Sahara, the Mediterranean forming no break what- 
ever in its continuity. In Asia this boundary is less well 
marked, but roughly corresponds to the southernmost of the vast 
ranges of mountains which border the great tablelands of central 
Asia. Across Africa the line of desert is well defined ; but in 
the north-east, as the desert approaches more nearly to the sea, 
the African extent of the region is correspondingly narrowed 
until it becomes little more than a strip of coast land, scarcely 
widening even in Lower Egypt. On the Morocco coast, 
Palaearctic land forms penetrate as far south as Cape Nun.* 
At its eastern extremity the line becomes less well defined, but 

* Morelet, Journal cU Conch, 1875, p. 194. 
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probably proceeds along the snowy mountains west of Setchouan, 
the Pe-ling and Tan-sia-shan ranges, so as to include all the 
high ground of Thibet and of the upper waters of the Hoang-ho, 
and ultimately reaches its eastern limit at some point on the 
shores of the Sea of Japan. 

The region thus includes all Europe, Africa north of the 
Sahara, with the Atlantic islands (the Azores, Canaries, etc.). North 
Arabia, Asiatic Turkey, the greater part of Persia, Afghanistan, 
Thibet, all Asiatic Russia, and a very large portion of the Chinese 
empire. 

The principal characteristics of the region as a whole are : 

(1) The rich development of Helix, Arion, Limax, Buliminus, 
and Clausilia. 

(2) The comparative absence of land operculates (see map, 
frontispiece'). 

(3) The uniform character of the fresh-water fauna. 

It is in the southern portion of the region that Helix (in the 
sub-genera Macularia, Iherus, Pomatia, and Xerophila) and Buli- 
minus {Zehrina, Chondrula, Ena) attain their maximum. In 
the north, Fruticicola is the characteristic group ; in the 
mountainous districts of the south - east, Campylaea, with 
Clausilia. The Arionidae have their headquarters in the 
damp and warm regions of western Europe, but are rare in the 
south. They only approach the Mediterranean coast in Algeria, 
near Gibraltar, and in the region between the base of the 
Pyrenees and the Maritime Alps, and are very poor in species 
throughout Italy and Sardinia. They are absent from almost the 
whole of northern Africa, the Mediterranean islands (except 

Sardinia), the whole Balkan district, the Crimea, Caucasus, and 
western Asia.^ 

The uniformity of the fresh-water fauna is disturbed only in 
the extreme south. A few species of Melanopsis with Neritina, 
occur in southern Spain and Austria, Galicia, and southern 
Russia, while a Melania or two (absent from Spain) penetrate the 
south-eastern parts of Europe as far as Germany. Cyrena begins 
to replace Cyclas in southern Russia and the Caucasus. 

The Palaearctic region falls into three sub-regions : 

(1) The Northern or Septentrional Sub-region, i.e. the dis- 

* Pollonera, Boll, Mus. Zool. Torino, v. 1890, No. 87. 
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trict north of the line formed by the Pyrenees,^ Alps, Carpathians, 
and which, passing to the northward of the Aralo-Caspian district, 
follows the great central mountain range of Asia until it reaches 
the Sea of Japan, perhaps somewhere in the neighbourhood of 
Vladivostok. 

(2) The Mediterranean Sub-region, ix. the countries border- 
ing on the Mediterranean, the Black and Caspian Seas, with the 
Atlantic Islands. 

(3) The Central Asiatic Sub-region, i.e. Turkestan, Afghani- 
stan, Thibet, and probably the districts of Mongolia and 
Manchuria.^ 

(1) The Septentrional Sub-region has been divided by some 
writers into two provinces, the European and the Siberian. 
There seems, on the whole, but little occasion to separate off 
northern Asia, the characteristic of which is, as will be seen 
below, rather the gradual disappearance, as we proceed eastward, 
of European species and genera, than the development of any 
new and peculiar group>s. The remarkable fauna of Lake Baikal 
stands apart, not only from European, but also from the Siberian 
types occurring in its immediate neighbourhood. 

On the whole, the Septentrional Sub-region is poor in species 
except those which inhabit fresh water. This fact is probably 
due to the extreme vicissitudes of temperature which prevail, and 
it is interesting to notice that the number of land Mollusca 
appears to touch its lowest point in districts where the annual 
range of temperature is greatest. On the other hand, in the 
western portions of the region, where the climate is moist an 
temperature more equable, the Mollusca are considerably more 

abundant and varied. t 

The line which separates the Septentrional from the Mediter- 
ranean Sub-region must of necessity be very roughly drawn, an 
stragglers from the south will be found to make their way nort 
ward, and vice versd, under favouring circumstances of tempera 
ture and geological formation. Jordan has noticed that species 

^ Sooth and south-western France, however, belong to the Mediterranean Sub 

region. v l 

* The coast-line of north-east China, including Corea and Ja^n to north JNipnon, 

is mud) more definitely tropical than the adjacent inland districts. 

therefore, must be placed in the Oriental Region, while the inland districts on 

to the Palaearctic Region. 

* Biol. CetUralbL ii. p. 208. 
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which in southern countries are not confined to any particular 
quality of soil are in more northern latitudes found only on 
limestone, which absorbs more heat than other formationa Con- 
versely, the higher elevations of the Alps, Pyrenees, and even 
Carpathians are like islands in a sea, and support a thoroughly 
northern fauna, quite strange to that of the plains below. Thus 
Helix harjpa Say, a completely boreal shell, which is at home in 
Canada, Sweden, Lapland, and the Amoor district, is found on 
the Rififel Alp, at a height of 6000 feet.^ Vertigo arctica Wall., 
a species abundant in Lapland, North Siberia, Iceland, and Green- 
land, occurs on the high Alps of the Tyrol 

Circumpolar Species. — A certain number of species are common 
to the extreme north both of the Palaearctic and Nearctie regions, 
and are, in fact, circumpolar. The number of these species, how- 
ever, is so small, not exceeding about 40 species (=16 genera), 
that it seems hardly worth while creating a special sub- 
region for their reception, particularly as no genus is peculiar. 
At the same time the fact is instructive as illustrating the close 
connexion of the northern districts of the two regions, a connexion 
which was no doubt more intimate in recent geological times than 
it is now. 

The circumpolar genera are as follows. The list decisively 
sets forth the superior hardiness of the fresh-water as compared 
with the land genera : — 


Valvata . 1 sp. 
Bithynia . 1 „ 
Vitrina . 1 „ 
Hyalinia . 4 „ 


Helix . . 4 sp. 

Patula. . 2 „ 
Pupa . . 3 „ 

Cionella . 1 „ 


Succinea . 1 sp. 
Limiiaea . 7 „ 
Planorbis . 5 „ 
Aplecta . 1 ,, 


Physa . . 1 sp. 

Anodonta . 1 „ 
Unio . . 1 „ 

Pisidium . 1 .. 


Great Britain. — There are in all about 130 secies — 83 land, 
46 fresh- water ; Limnaea involuta (mountain tarn near Killarney) 
appears to be the only peculiar species. There are 11 Hyalinia, 
5 Arion, and 25 Helix, the latter belonging principally to the 
sub-genera Xerophila, Tachea, Trichia, and Fruticicola. Three 
Testacella are probably not indigenous, but are now so well estab- 
lished as to reckon in the total Of the four Clausilia two reach 
Ireland and one Scotland ; two do not occur north of the Forth. 
There are only two land operculates, one of which {Cyclostoma 
elegans) occurs in Ireland but not in Scotland, while the other 
{Acicula lineata) reaches the southern counties of Scotland. 

* Craven, Joum. dc CoTichyl. (3) xxviii. j). 101. 
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Several species, e.g. Helix pomatia, H ohvoluta, H reveluta, H, 
cariusiana, H. pisana, Buliminus monlamis, are restricted to the 
more southern or western counties ; Geomalactis maculosus is con- 
fined to a district in south-western Ireland. 

The Pleistocene beds of East Anglia contain a number of 
species now extinct in these islands, whose occurrence appears to 
indicate a warmer climate than the present. Such are Helix 
ruderata, H fruticum, H incarnata, Clansilia pumila, Unio 
littoToliSy Hydrohia Tnarginataj and Corhicula Jlumincdis, 

Scandinavian Peninsida. — From Norway 121 species in all 
are recorded, and 148 from Sweden. The milder climate of 
ISorway allows many species to reach a considerably higher lati- 
tude than in Sweden, thus in Sweden Limax maximus only 
reaches 62°, but in Norway 66° 50^ Similarly Avion hortensis 
and Balea pterversa only reach 63° and 61° respectively in 
Sweden, but in Norway are found as far north as 69° and 67® 
50^ Clausilia is represented by 9 species in southern Norway; 
one of these is found north of the Arctic circle. There are 
4 Pupa, 9 Vertigo, and 11 Hyalinia, but Helix dwindles to 14, 

9 of which occur north of the Arctic circle. No land operculates 
are found; Cyclostoma elegans, however, occurs in Jutland and 
Zealand, which practically form a part of this district. 

Iceland, — Eleven species, all Scandinavian, occur. These are 
Avion 2, Limax 1, Helix 2 (arhustovum L, and hortensis Miill., the 
latter being found only on the warmer southern coast), Limnaea 
1, Planovbis 1, Pisidium 4. 

France. — The northern, central, and eastern districts belong 
to this sub-region, while the southern and western, in which an 
entirely new element occurs and many northern forms disappear, 
belong to the Mediterranean. Thus, for instance, Hehx pomatia 
L., H. incar nata MlilL, H. fruticum MtilL, H, cantiana Mont., H 
strigella Drap., H. rufescens Penn., H pleheia Drap., are not 
found in southern France. No detailed enumeration of species 
is at present possible, the eiBForts of a large number of the leading 
French authorities being directed to indiscriminate species-making 
rather than to the careful comparison of allied forms. Pei- 
haps the principal difference between the Mollusca of northern 
France and those of our own islands is the occurrence of two 
species of Pomatias, In the more elevated districts of eastern 
France (the Vosges, Jura, western Alps), a certain number of 
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species occur whicli are confined to the high grounds of soutli 

central Europe. Among tliese are Helix holoserica Stud., H. 

personata Lam., H. hidens Chem., H. depilata Drap., H. cohresiana 
Alt., H, cdpina Faure. 

The Pleistocene deposits of the valley of the Somme tell tlie 
same tale as those of eastern England, containing as they do 
species and even genera whose nprthern range is now much more 
limited. The Eocene fossils from tlie Paris beds show most re- 
markable relationships to genera now existing in the West Indies 
and central America. Others again indicate affinities with India. 
Thus we find Ceres, Megedomastoma, and Tudora by the side of 
Leptopoma, Faunus and Pcdudomiis. 

Germany. The MoIIusca of the plains of northern Germany 

are few and not striking, and exhibit little difference from those 

of our own islands. In the mountainous districts of the south 
cxnci south -6iist, a nuinhcr of now 

forms occui', amongst which are 3 

species of Daudebardia, a remarkable gn i 

carnivorous form, with the general 

appearance of a ; 24 of Clau- ^ ^ 

siliay many Pupa, several JBuliviiu'us, DaudetKirdia hrecipes 

3 of the Campylaea group of Helix, orinee.*^Atr 

stragglers from the Italo-Dalmatian Germany. 

fauna and 1 of Zonites proper. Our familiar Helix aspersa is 
entirely absent from Germany. There are only 4 land ope^ 
dilates Pomahas 2, Acicvda 1, Cyclostoma 1, all of which occur 
exclusively m the south. Bilhynella and Vitrella, two minute 

Gie 

Northern Russia and Siberia.—This vast tract extends from 
eastern Germany to the Amoor dLstrict. It is exceedingly noor 

pLraLe*'^' we^ ^ characterised by the gradual diLp- 

aie a few characteristic Siberian MoIIusca, dosdy allied to 
Euroyian forms, and in the extreme east a new element is 

afflmtiea The whole Ltrict „„„ Kill 

south by a line drawn from Ij^inltevcr to^M^ gurn et o the 

whole basins of the rivei-s Obi Yenesei and Ta..’ 

VOL. in J^enesei, and Lena, coinciding with 


fiuiiiioDary 

orifice. (After Pfeiffer.) B, shell 
of /I. nda, Pfr., S. Germany, 
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the vast mountain ranges which terminate to the north the table- 
land of central Asia, at the eastern extremity of which it dips 
sharply southwards, so as to include the Amoor basin and Corea. 

All the larger Helices are wanting, and no land operculates 
occur. Helix arhustorum L., H nemorcdis Mull., H, lapicida L., 
H. aculeata Mtill., and Hycdinia nitidvXa Drap., do not appear to 
occur east of the Baltic ; Arion fvscus Miill., Helix strigella Drap., 
Buliminus ohscurus Miill., Clausilia laminata Mont., C. hidentata 
Bttg., C. plicatula Drap., Viviparus fasciatus Miill., and Neritina 
Jluviatilis L., do not pass the Urals. 

In the Obi district (West Siberia) a further batch of European 
species find their easterly limit. Among these are Helix hisp%da 
L., Bithynia tentaculata L., Vivipara vivipara L., Pisidium amni- 
cum Miill., and Unio tumidus Retz. A few distinctly Siberian 
species now appear, e.g. Ancylus sihiricus Gerst., Valvata sihirica 

Midd., and Vitrina rugulosa Koch. 

The following are among the European species which reach 

eastern Siberia : HyodiTvicb Tiitidu Miill., SucciTieci oblougci Drap., 
PlanorUs vortex L., spirorbis L., marginatus Drap., rotundatus 
VoiT., fontanvs Light., Vcdvata piscinalis Bithynia ventri- 

cosa Leach, and Anodonta variabilis Drap. Here first occur such 
characteristic species as Physa sibirica West., P. aenigma West., 
Helix pauper Gld., H Stuxbergi West., H. Nordenskibldi West., 
Planorbis borealis Lov., Valvata aliena West., Cyclas nitida Cless., 
and G. levinodis West. In the Amoor district a decided 
Chinese element makes its appearance in a few hardy forms 
which have penetrated northward, e.g. Philomycus bilineatus 
Bens., and a few each of the Fruticicola (Chinese) and Acusta 
groups of Helix, Out of 5 3 species, however, enumerated from 
this district, as many as 33, belonging to 18 genera, occur also 

in Great Britain. 

Lake Baikal. — The Mollusca of Lake Baikal exhibit distmct 
characteristics of their own, which seem to indicate the long- 
continued existence of the lake in its present condition. 
Several entirely i)eculiar genera occur, which ^e spe^ ise 
forms of Hydrohia, e.g. Baikalia, Liobaikalia, Gerstfeldtia, Dybow- 
skia, and Maackia ; Benedictia alone extends to the basin of the 
Amoor. Choanomphalus, another peculiar and ultra-dextral (p. 
250) genus belonging to the Limnaeidae, appears to be related to 

the West American Carinifex. 
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(2) The Mediterranean Sub-regfion is divided into four 
provinces : (a) The Mediterranean province proper ; (b) the 
Pontic ; (c) the Caucasian ; and (d) the Atlantidean province. 

(«) The Mediterranean i)rovim.-e proper is best considered 
by fi^ther subdividing it, with Fischer and others, into separate 
districts, each of which has certain peculiar characteristics. 

(i) The Hispano- Algerian district includes the greater part 
of the Iberian peninsula, the Balearic Islands, and northern 
Africa from Morocco to Tunis. The extreme western parts of 
these districts, including West Morocco, Portugal, Asturias and 
south-west France, under the influence of the moist climate 
caused by the Atlantic, show some peculiar features which in the 
view of sonm, are sufficient to justify tlieir separation from the 
rest of the Hispano- Algerian portion. Among these is a marked 
development of tlie slugs, Testaeella, Arion, and Geomalacns. the 
latter ol which occurs even in south-western Ireland. 

Spa%n.~T\Ye principal features are the development of the 
Macularxa, Iherus, and Gonostoma groups of Helix, and the occur- 



Fig. 194. — A, Parnia- 
cella Valencietisii 
W. and B. x j. 
(After Moquin- 
Tandon.) A', shell 
of the same, natu- 
ral size. 


Oth^ ® remarkable slug Farmaxella, which is found in many 
parts of the sub-region, and extends eastward as far as 
A ghanistair Clansxlia has but few species, mostly in the north 

operculates, one of which il‘ 
rred to a genus (Tudora) now living only in the West 

Indies, but which occurs in the Eocene fossils of the Paris 

^ Melanopks and 

The States of Northern Africa liave a thoroughly Mediterranean 
fauna, whose facies on the whole shows rather more affinitTto 

n, •° “““ and a 

belong to the same groups as tliose of soutliern Snain m 

are of a dead white colour the better Tn ! \ 

effect of the sun IfV,.,,.. • • . ^ ^ scorching 

ussctcia IS abundant, Geomalacns and Par- 
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mmella are represented by a single species each, and there is one 
Clavsilia. According to Kobelt,' the original land connexion 
between southern Spain and Morocco must have been much 
more extensive than is usually assumed, and probably reached at 
least to the meridian of Oran and Cartagena. The MoUusca of 
Oian and Cartagena are, according to him, much more closely 
related than those of Oran and Tangier, or those of Cartagena 
and Gibraltar, but at Cartagena some species, which are charac- 
teiistic of the Mediterranean coasts from Syria westward, dis- 
ajjpefir, are absent from the rest of Spain and from Morocco, 
but reappear on the south-western coasts of France. These 
species may possibly have pushed along that arm of the sea 
which, when the Straits of Gibraltar were closed as far as the 
latitude of Oran and Cartagena, united in comparatively recent 
times the Bay of Bisaiy with the Gulf of Lions. 

The following genera, which do not occur in Spain, have 
probably spread into northern Africa as far as Algeria, via 
Sicily and Tunis, namely, Glandina (1 sp.), Dauclehardia (1 
sp.), Pomatias (2 sp.). Tunis shows strong traces of Sicilian 
influence, and Kobelt found a colony of snails, of Sicilian aflini- 
ties, as far west as Tetuan. 

The Sahara . — The Algerian Sahara contains, in many places, 
a sub-fossil Molluscan fauna which appears to show that the 
district has, in quite recent times, undergone a gradual desicca- 
tion. The species are mainly fresh-water, including Melania^ 
Melanopsis, and Corhiculay with here and there valves of Cardivm 
edule, and indicate, on the whole, an affinity with recent Egyptian, 

rather than North African species. 

It is probable that a vast series 
of Mangs, or brackish-water lakes, 
once stretched along this region, 
and were ultimately connected 
with the sea somewhere between 
Tunis and Egypt. 

(ii) Southern France. — The 
Fer. ; B, Leucochroa candidissima southern portion of France 

bordering on the Mediterranean 
contains many species, e.specially of Helix, whicli do not occur in 
the centre and nortlL Amongst tliese are — . 

* Jahrh. Deutsch. Malak. Oesell. viii. p. 278. 



A B 

Fig. 195. — Characteristic shells of S. 
France : A, Helix [MaxiUaria) niriensis 
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Leiicochroa candid issinia Draj 
Hyalinia olivetorum GmeL 
2k)nites algirus L. 

Helix rangiana Desh. 

„ serpentina Fer. 

,, niciensis F6v. 

„ splendida Drap. 

„ verniiculata Miill. 

,, melanostoma Drap. 

„ aperta Born. 


Helix ciliata Yen. 

explanaUi Miill. 

,, apicina Liim. 

„ cespituin Drap. 

„ Terverii Mich. 

„ pyramidata Drap. 

„ trochoides Poir. 
Ferussacia folliculns Gion. 
Rumina decollata L. 

Pupa megacheilos C. and J. 


Several species of fresh-water HydroUa {Bitliynella) occur 
The district, on the whole, unites certain 


characteristics derived from northern Italy 
with those of eastern Spain. 

(iii) The Italo - Dcdmatian district in- 
cludes Italy and tlie neighbouring islands 
(Corsica, Sardinia, Sicily, Malta), and the 
regions at the liead and north-eastern shores 
of the Adriatic (Carinthia, Carniola, Croatia, 
and Dalmatia), the line which separates these 
latter districts from the fauna of southern 

Austria, Bosnia, and Servia being very diflS- 
cult to define. 



Fig. Helix {Poma- 

tia) aperta L. , S. 
France, showing epi- 
phmgm. 


Italy, with the neighbouring islands, lias a rich moUuscan 
tauna. In the sub-Alpine districts of northern Italy the pronii- 

Campylaea, Pomatia, and Anchistoma, 
which in the south are generally replaced by Iherus, which here’ 
attains its maximum development. Large Htjalinia are abimd- 
an in t e north, and Pomatias and Clausilia are frequent all 



Fig, 197 . — Helix {Campylaea) zoiicUa 
Stud., Piedmont. 



Fig. 198. — Helix {Jherus) 
strigata Miill., Florence. 


along the Apennines. Sicily has about 250 species, half of 
which are ^culiar. Helices of the Ibervs type abound, but 
Campy aea is reduced to two species. Many peculiar forms of 
Clausiha <Kx;ur, especiaUy a latticed type of great beauty. Ferns 
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sacia and ruim are well represented, and there are one each of 
Glandiiut and IJcnidehardia. 


Dalmatia and the adjacent districts are chiefly remarkable 
for the rich development of Clausilia, which here attains its 


maximum (nearly 



A B B' 


Fro. 199. — A, Clausilia 
crassicnsta Ben., 
Sicily ; B, ClausHia 
macarana Zieg., Dal- 
matia ; B", clausiliuiii 
of same. 


100 species). The Campylaea section of 
Helix is represented by its handsomest forms, 
many of which are studded with short 
hairs. Here too is the headquarters of 
Zonites proper, which stretches westward 
as far as Provence, and eastward to Asia 
Minor ; and also of the single European 
Gland inay which has a similar eastward 
range, but spreads westward through Italy 
and Sicily to Algeria, not occurring in 
southern France. The land operculates are 
chiefly represented by Pomatias, and among 
the fresh-water operculates are a Melania 


and a LithoglyphuSy the latter having probably spread from the 


basin of the Danube. 


(iv) The Egypto-Syrian district extends along the south- 
eastern shores of the Mediterranean from Tripoli to North Syria, 
and eastward to the Euphrates valley. Lower Egypt alone 
belongs to this portion, the fauna of Upper Egypt being of an 
entirely tropical character, and belonging to the Ethiopian 
Eegion. 

Lower Egypt . — The Mollusca of Lower Egypt stand in the 
unique position of belonging, half to the Palaearctic, and half to 
the Ethiopian Region. The land Mollusca are of a distinctly 
Mediterranean type, while the fresh-water, directly connected as 
they are by the great highway of the Nile with regions much 
farther south, contain a large admixture of thoroughly tropical 
genera (^Ampullar ia^ Lanistes, Melania, Cleopatra, Corhicvla, 
Cyrena, Iridina, Spatha, Muteld). The Helices, which are not 
numerous, are rather a mixture of circum-Mediterranean species 
than of a specially distinctive character. H. desertorum, how- 
ever, belonging to the group Eremophila, is characteristic. There 
is a single Parmacella, but the physical features of the county 
are unfavourable to the occurrence of such genera as Clausilia, 

Pupa, Hyalinia, and the land operciilatea 

l}yria . — The Mollusca, especially in the more mountainous 
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regions of the nortli, ure much more varied and numerous tiiau 
those of Clausilia is again fairly plentiful, and the 

Helicidae are represented by some striking 
forms of the sections Levantimi, Poviatia ^ 
and Numm'ulina. Lencochroa has several 
curious types with a constricted aperture, 
and the -Agnatha are represented by Libania\ 
a peculiar form ot Daudehardia, A promi- 
nent feature is the occurrence ol a number 
of large white Buliminus of the Petraeus 
section (lig. 200). Land operculates appear — 

to be absent, but Melanopsis and Neritina ^00.— A. Bxdiminus 

are abundant. The Dead Sea contains no oat'^BeyroufrB! 
Molliisca, but Lake Tiberias has a rich Buliminus {Chond- 

fauna, including the above-mentioned genera, Rorh., 
with a Corhictda and several Unto. 

Upper Mesopotamia appears to possess a mixture of Syrian 
and Caucasian forms, including a Parmacella. Lower Mesopo- 
tamia has an exceedingly poor land fauna, but is comparatively 
ric in fresh- water species, the growing eastern character of 
which IS shown by the occiu-rence of several Corhicula and 
Pseudodon, and of a Nerxtina of a distinctly Indian type 

extends from Western Austria to 
f “icludes Austria, Hungary, Eoumania, the 
peninsula (so far as it does not form part of the Mediter- 
ranean sub-repon), the islands of the Greek Archipelago, southern 
Russia and the Crimea, and Asia Minor. It thus pracMy 
corresponds to the whole Danube basin, together with the lands 
bordering on the Black Sea, except at the extreme east, which 
belong to the Caucasian sub-region. Fischer separates off Greece 

wffh Tf ‘^^-^t-line), and the intervening 

slands, with Crete and Cyprus, as constituting a portion (Hel- 

ado- Anatolic) of the Mediterranean sub-region proper. These 
istricts, however, appear to possess scarcely sufficient indi- 
viduality to warrant their separate consideration. 

A prominent characteristic of the Pontic Molliisca is the 
great abundance of Clausilia and Buliminus. In the islands 
and west of Clc^lU. f„,„e , 

forms. The Helices belong principally to the groups Ca^Jaea 
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(which is very abundant in Austro-Hungary), Pomatia (Greece 
and Asia Minor), and JiTichistomcu Mdcvlaria is comparatively 
scarce, but is represented in Greece by one very large form 
{Codringtonii Gray). Zonites proper has its metropolis in this 
sub-region, and the Danube basin contains one or two species of 
Melania and Lithoglyphvs. Bvdimin'us is abundant throughout 
the sub-region, in the sub-genera Zehrina, Napaeus, Mastus, and 
Chondrida. Several striking forms of Zehrina (JEna) are peculiar 
to the Crimea. 

(c) The Caucasian Province, — The limits of this province 
can hardly be exactly defined at present. It appears, however, 
to include the whole line of the Caucasus range, Armenia, and 
North Persia. 

The land Mollusca are abundant and interesting. Among 
the carnivorous genera are four species of Davdebardia, a Glandina, 
and three peculiar forms of naked slug, Pseudomilax, Trigono- 
chlamys, and Selenochlamys. There is a single Parmacella^ the 
same species as the Mesopotamian, and a good many forms of 
Limax. Vitrina and Hyolinia are well represented, and the pre- 
dominant groups of Helix are Evlota, CartusiaTia, Xerophila, and 
Fruticocampylaea, the last being peculiar. Clausilia and Pupa 
are rich in species, together with Bvliminus of the Chondrula 
type. One Clausilia of the Phaedusa section, together with a 
Macrochla/mys (Transcaspian only), a Corhicvla, and a Cyclotus, 
show marked traces of Asiatic aflBnity. There is one species each 
of Acicula and Cyclostoma, and one of Pomatias. 

The Caspian Sea, like Lakes Baikal and Tanganyika, is dis- 
tinguished by the possession of several remarkable and peculiar 
genera. The sea itself, the waters of which are brackish, is 80 
feet below the level of the Black Sea, and is no doubt a relict of 
what formed, in earlier times, a very much larger expanse of 
water. Marine deposits containing fauna now characteristic of 
the Caspian, have been found as far north as the Samara bend of 
the Volga. It is probable, therefore, that in Post-pliocene times 
an arm of the Aralo-Caspian Sea penetrated northward up the 
present basin of the Volga to at least 54^ N. The Kazan 
depression of the Volga (65® N.) also contains characteristic 
Caspian fossils.' According to Brusma,* the Caspian fauna, 

^ NetchayeflT, Kaaan Soe, Nat. xviL fuse. *5. 

* Fauna der Congtrieo-Sthiehienf p. 142. 
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ils a whole, is closely related to the Tertiary fauna of southern 
Euroj)e. 

Twenty-six species of univalve Mollusca, the majority being 
modified forms of Hydrohia, have been described from the Caspian, 
namely, Micromelania (6), Caspia (7), Clessinia (3), Nematurella 
(3), Lithoglyphus (1), Flanorbis (1), Zagrabica (1), Hydrobia (2), 
Neritina (2). The bivalves are mostly modified forms of Cardium 
{Diddcim, Adacna, Monodacna)^ which also occur in estuaries 
along the north of the Black Sea. A form of Cardium edule 
itself occurs, and numberless varieties of the same species are 
found in a semi-fossil condition in the dry or half dry lake-beds, 
which are so abundant throughout the Aral district. 

(f?) The Atlantidean province consists of the four groups of 
islands, the Madeiran group, the Canaries, the Azores, and the 
Cape Verdes. 


The Madeiran group contains between 140 and 150 species 
of Mollusca which may be regarded as indigenous, the great 
majority of which are peculiar. Only 
11 species are common to Madeira and 
to the Azores, and about the same 
number, in spite of their much greater 



proximity, to Madeira and the Canaries. 
No less than 74 species, or almost 
exactly one-half, belong to Helix, and 
9 to Patvla, A considerable number 
of the Helices are not only specifically 




but generically peculiar, the genera 
bearing close relationship to those 
occurring in the Mediterranean region. 
As a rule they are small in size, but 
often of singidar beauty of ornamenta- 
tion. Various forms of Pupa are ex- 


Fig. 201. — Characteristic land 
Mollusca from the Madeira 
group: A, Helix {Irus) laci- 
niosa Lowe, Madeira ; B, Helix 
{Hystricella) turriciila Lowe, 
Porto Santo ; C, Helix(Iberus) 
Wollastoni Lowe, Porto Santo ; 
D, Helix {Coronaria) delphi- 
mtloides Lowe, Madeira. 


ceedingly abundant (28 sp.), aa is also 


Ferussacia (12 sp.). There are also 3 Clausilia (which genus 
occurs on this group alone), and 3 Vitrina (a genus which occurs 
on all the groups). The land operculates are represented solely 
by 4 Craspedopoma, which is common to all the groups except 
the Cape Verdes. 

The Canaries have about IGO sjiecies, only about a dozen of 
which are not peculiar. As many as 75 of these belong to 
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Hdxx (the sub-genera being very much the same as in the 
Madeiran group) and 1 1 to PaMa. There is 1 species of 
Parmacella (which occurs in this group alone), and 6 of Vitrina, 

consi eia e size. A remarkable slug {Plectrophorus) was 
described from Teneriffe by F4russac many years ago, but it has 
never been rediscovered, and is probably mythical, or wrongly 
assigned. Bvliminus {Napaeus) has as many as 28 species, all 
but one being peculiar, and Ferusscwia 7. Cyclostoma has two 
in igenous species, which, with one Hydrocena and one Craspedo- 
poma, make up the operculate land fauna. 

The Azores are comparatively poor in MoUusca, having only 
52 species, nearly two-thirds of which are peculiar. Helix has 
15 species, Patula 4, and Pupa 8. Ferussaciay so abundant in 
Madeira and the Canaries, is entirely absent, its place being 
taken by Napaeus (7 sp.), which is curiously absent from 
Madeira, but richly represented in the Canaries. There are 7 
Vitrina, while the land operculates consist of one each of 
Craspedopoma and Hydrocena. A singular slug {Plutoniou), with 
an ancyliform internal shell, is said to occur. The group was 
long believed to possess no fresh-water MoUusca, but two species 
(one each of Pisidium and Physd) have recently been discovered. 

The Cape Verdes, owing to the extreme dryness of their 
climate, are poor in land MoUusca. There are 1 1 Helix, nearly 
aU of which belong to the group Leptaxis, which is common to 
Madeira and the Canaries. Ferussacia is absent, Bvliminus is 
represented by a single species, and there are no land operculates. 
Ethiopian influence, however, as might be expected from the 
situation of the group, is seen in the occurrence of an Ennea, a 
Melania, and an Isidora. 

It wiU be noticed how Uttle countenance the moUuscan fauna 
of these island groups gives to any theory of an Atlantis, any 
theory which regards the islands as the remains of a western 
' continent now sunk beneath the ocean. Had ‘ Atlantis * ever 
existed, we should have expected to find a considerable proportion 
of the MoUusca common to aU the groups, and perhaps to Europe 
as well, and there would apparently be no reason why a genus 
which occurred in one group should not occiu* in alL As a fact, 
we find the species extremely localised throughout, and genera 
occur and fail to occur in a particular group without any 
obvious reason. All the evidence tends* to show that the islands 


X 


CENTRAL ASIA 


299 


are purely oceanic, and have been colonised from the wesknn 
coasts of the Mediterraneixn, i.e. from the direction of the j)revail- 
ing currents and winds. 

(3) Central- Asiatic Sub-region. — The countries included in 
this vast sub- region are Turkestan, Songaria, Afghanistan, including 
the Pamirs, Western Thibet, and probably Mongolia. Kashmir 
belongs to the Indian fauna. At present the whole district is very 
imperfectly known ; indeed, it is only at a few points that any- 
thing like a thorough investigation of the fauna has been made. 
It is therefore almost prematme to pronounce any decided opinion 
upon the Mollusca, but all the evidence at present to hand 
tends to show that they belong to the Palaearctic and not to 
the Oriental system. This is especially the case with regard 
to the fresh-water Mollusca, many of which are specifically 
identical with those occurring in our own islands. A slight 
admixture of such widely distributed types as Corhicula and 
Melania occurs, but is not sufficient to disturb the general 
European facies of the whole. It is possible that eventually 
the whole district may be regarded as a sub-region combining 
certain characteristics of the eastern portions of the Mediter- 
ranean basin with an extension of the septentrional element, due 
to higher elevation and more rigorous climate. The principal 
features in the land Mollusca appear to be the occurrence of a 
number of Buliminus of the Napaeus group, a few Parmacella 
(Afghanistan being the limit of the genus eastward), Clausilia, 

Pupa, Limax, and HeliXy with several stray species of Macro- 
cJilamys. 


B. The Oriental or Palaeotropical Region 

This region includes all Asia to the south of the boundary 

of the Palaearctic region, that is to say, India, with Ceylon, 

Burmah, Siam, and the whole of the Malay Peninsula, China 

proper, with Hainan and Formosa, and Japan south of Yesso. 

It also includes the Andamans and Nicobars, and the whole of 

Malaysia, with the Philippines, as far eastward as, and includ- 

ing Celebes with the Xulla Is., and the string of islands south 

of the Banda Sea up to the K6 Is. The Moluccas, in their two 

groups, are intermediate between the Oriental and Australasian 
regions. 
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In this vast extent of land tv^o distinct centres of influence 
are prominent — the Indian and the Chinese. Each is of marked 
individuality, but they differ in this essential point, that while 
the Chinese element is decidedly restricted in area, being, in fact, 
more or less confined to China itself and the adjacent islands,’ 
the Indian element, on the other hand, extends far beyond con- 
tinental Asia, and embraces all the Malay islands to their 
farthest eastward extent, until it becomes overpowered by the 
Papuan and Australian fauna. Upper Bm mah, with Siam, forms 
a sort of meeting-point of the two elements, which here inter- 

mingle in such a way that no very definite line of demarcation 
can be drawn between them. 

Thus we have — 


f 


Oriental Region 


1 . Indo-Malay Region 


2. Chinese &ub~Region 



Indian Province. 
Siamese Province. 
Malay Province. 
Philippine Province. 
Chinese Province. 
Japanese Province. 


The Indo-Malay fauna spreads eastward from its metropolis, 
but has practically no westward extension, or only such as may 
be traced on the eastern coasts of Africa and the olBF-lying islands. 
There appears to exist no other ease in the world where the 
metropolis of a fauna is so plainly indicated, or where it lies, 
not near the centre, but at one of the ends of the whole area of 
distribution. 

Comparing the two sub-regions, the Chinese is distinguished 
by the great predominance of Helix, while in the Indo-Malay 
sub-region Nanina and the related genera are in the ascendancy. 
In India itself there are only 6 genera of true Helicidae, poorly 
represented in point of numbers; in China there are at least 
three times this amount, most of them abundant in speciea 
The Indo-Malay sub-region, on the other hand, is the metropolis 
of the Naninidae, which abound both in genera and species. In 
the Chinese sub-region Clausilia attains a development almost 
rivalling that of S.E. Europe, while in India there are scarcely 
a dozen species. A marked feature of the Indo-Malay sub-region 
is the singular group of tubed land operculates (Opisthoporus, 
Pterocyclus, etc.). In China the group is only represented by 
stragglers of Indian derivation, while the land operculate fauna. 
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as a whole, is distinctly inferior to the Indian. Another char- 
acteristic group of the Indo-Malay region is Am'phidromus, with 
its gaudily painted and often sinistral shell ; the genus is entirely 
absent from China proper and Japan, where its place is taken 
by various small forms of the Buliminus group. Fresh-water 
Mollusca, especially the bivalves and operculates, are far more 
abundant in the Chinese sub-region than in the Indo-Malay. 

(1) The Indo-Malay Sub-region. — (a) The Indian Province 
proper includes the peninsula of Hindostan, together with Assam 
and Upper and Lower Burmah. To the east and extreme north- 
east, the boundaries of the province are ill-defined, and the fauna 
gradually assimilates with the Siamese on the one hand and the 
Chinese on the other. Koughly speaking, the line of demarca- 
tion follows the mountain ranges which separate Burmese from 
Chinese territory, but the debatable ground is of wide extent, 
and Yunnan, the first Chinese province over the border, has 
many species common with Upper Burmah. 

The gigantic ranges of mountains which bound the sub- 

region to the north-west and north limit the extension of the 

Indian fauna in those directions in a most decisive manner. 

There is no quarter of the world, even in America, where a 

mountain chain has equal effect in barring back a fauna. In 

the north of Kashmir, where the great forests end, there is a 

most complete change of environment as the traveller gains the 

summit of the watershed ; but Kashmir itself distinctly belongs 

to the Indian and not the Palaearctic system. The great viesert 

to the south of the Bunjab is equally effective as a barrier towards 
the west. 

The Mollusca of India proper include a very large number of 
interesting and remarkable genera. India is the metropolis of 
the great family of the Naninidae, or snails with a caudal mucus- 
pore, which are here represented by no less than 14 genera and 
over 200 species. The genera Macrochlamys, Sitala, Kaliella, 
Ariojphanta, Girasia, Austenia, and Durgella are at their maxi- 
mum. Helix is scarcely represented, containing only about 30 
inconspicuous species (leaving Ceylon out of account). Buliminus 
IS abundant, especially in the north. The Stenogyridae are 
represented by Glessula, which is exceedingly abundant in India 
but has only a few straggling representatives in the rest of the 
Oiiental region. Among the Pupidae is the remarkable form 
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Boysia, with its twisted upturned mouth, while TAthotis is a 
peculiar form allied to Succinecty to which group also probably 
belongs Camptonyx, a limpet-like form with a very small spire, 
pec’uliar to the Xattiawar peninsula. CamptocerciSy an extra- 
ordinarily elongated sinisrral shell, with a loosely coiled spire, is 
peculiar to the N.W. Provinces. 

Among the Iresh-water pulmonates is an Ampullarina, a genus 
only known elsewhere from the Fiji Is. and E. Australia. Crem- 
noconchiis is a form of Littorina, peculiar to the W. Ghats, 
which has habituated itself to a terrestrial life on moist rocks 
many miles from the sea. The fresh-water operculates include 
the peculiar forms Mainwnringia, from the mouth of the Ganges 
(intermediate between Melania and Paludomus), Stomatodon, 



Fio. 202. — Characteristic Tiidi«'in Mol- 
lusca : A, Jlypselostonia iubifer^im 
Blanf. ; B, Camptoceras terehra Bens.; 
C, Camptonyx TJieobaldi Bens. 


Fio. 203. — Streptaxis 
PerroUti Pfr., Nil- 
ghiri Hills: A, adult; 
A', young form. 


Larina^ Fossarulus, Tricula, and others. The bivalves are neither 
numerous nor remarkable ; Velorita, a genus of the Cyrenidae, is 
peculiar. 

The land operculate fauna of India is singularly rich and 
varied. About 25 genera, and at least 190 species, occur. Here 
we find the metropolis of Cyclophorns among the larger forms, 
and of Diplommatina and Alycaeus among the smaller. A large 
proportion of the operculate genera are quite peculiar to the 
extreme south of India and Ceylon. The appearance of a few 
species ^of the European genus Pomatias is very remarkable. 

The carnivorous genera are poorly represented. A few Ennea 
occur, while Streptaxis is practically confined to the extreme 
south and north-east. 
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Land and Fresh-water Molhisca of India proper 


Streptaxis . 

9 

Trachia 

12 

Limnaea . 

7 

Streptaulus 

# 

1 

Ennea .... 

8 

Thysanota . 

1 

Camptoceras . 

3 

Coptochilus 

• 

3 

Holicarion . 

16 

Camaena . 

1 

Planorbis . 

10 

Alycaous . 

• 

49 

Girasia .... 

14 

Amphidromus 

2 

Ampiillarina . 

1 

Lagochilus 


1 

Austenla . 

11 

Boysia 

1 

Melania 

17 

Cycloplionis 


12 

Ibycus .... 

1 

Petraeus . 

14 

Mainwaringia 

1 

Scalaina . 

• 

1 

Africarion . 

2 

Cerastus . 

6 

Paludomus 

10 

Micraulax . 


2 

Durgella 

4 

Rachis 

5 

Stomatodon . 

1 

Jerdonia . 

• 

10 

Ariophanta 

15 

CJylindrus 

1 

Larina . 

1 

Spiraculum 

# 

4 

Xesta .... 

8 

Pupa . 

15 

Cremnoconchuf 

1 3 

Otopoma . 


1 

Macrochlamys 

78 

Hapalus . 

4 

Fairbankia 

2 

Cyclotopsis 

• 

2 

M icrocy stis 

7 

Clausilia . 

10 

Tricula . . 

1 

Georissa 


1 

Sitala .... 

20 

Subulina . 

2 

Bithynia . 

9 

Modiola 


1 

Ealiella 

35 

Opeas . 

6 

Fossarulus 

1 

Scaphula . 


1 

Hemiplecta 

15 

Glessula . 

49 

Stenothyra 

3 

Unio 

• 

40 

Sesara .... 

3 

Geostilbia 

3 

Vivipara . 

4 

Solenaia 

• 

1 

Trochomorpha 

6 

Succinea . 

11 

Valvata 

1 

Cyrena 


13 

Trochomorphoides 

1 

Lithotis . 

2 

Ampullaria . 

4 

Sphaerium 

• 

1 

Pannacella (?) . 

1 

Vaginula . 

1 

Assiminea . 

9 

Pisidium . 

• 

5 

Tebennophorus 

1 

Camptonyx . 

1 

Acmella . 

2 

Velorita 

% 

2 

Anadeuus . 

4 

Coelostele 

1 

Pomatias . 

4 

Tanysiphon 

# 

1 

Plectopylis . . 

11 

Carycbium 

3 

Diplommatina 

63 

Novaculina 

• 

1 

Plectotropis 

3 

Ancylus . . 

1 

Pupina 

1 

Nausitora . 

• 

1 


The Cingalese district, which almost approaches the character 
of a distinct province, presents several remarkable points of 
dissimilarity from the rest of India. It consists of the island 
of Ceylon, and of a portion of S. India whose exact limits have 
yet to be defined. It appears, however, that the Western or 
Malabar coast, with the hills parallel to it, is more akin to 
Ceylon than the Eastern or Coromandel coast. The Travancore, 
Malabar, and S. Canara districts, with the Palnai, Anamalai, 
and Nilghiri HiUs, are markedly Cingalese, while there seems to 
be no distinct evidence of similar relationship on the part of the 
Madras or even the Cuddalore district. 

Among the principal features of the Cingalese district is the 
occurrence of three peculiar genera of Helix, one {Acavus) large 
and finely coloured, another {Corilla) smaller, with a singularly 
toothed aperture. While the Corilla group shows relations with 
Plectopylis and other Burmese and Siamese sub-genera Acavus 
(Fig. 204) is totally distinct from any other Indian form, and 
shows signs of close relationship, in the great size of the 
embryonic shell, to the Helices of Madagascar (p. 335). In 
Ceylon the group is entirely isolated, and its occurrence, besides 
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decisively separating that island from India, Burmah, and 
Siam, forms a most interesting problem in the history of dis- 
tribution. Eurystovia, with a single species {E. vittata MliU.), 
is also peculiar. 

As usual when Helix gains ascendancy, the Naninidae retrogress. 
Durgella, Austenia, and Girasia are absent altogether, while 
y[arroc]ilamys, Sitala, Kaliella, etc., are present in greatly 
diminished numbers. The sub -genus Beddomea is peculiar, a 
form directly related to Amphidromus (Siam and Malacca). 
The fresh-water operculate Philopotamis is peculiar, but for one 



Fiu. 204 . — Helix {Aai- 
VU 3 ) Waltoni Reeve, 
Ceylon, showing em- 
bryonic shell 
X I. 


species found in Sumatra ; while Tanalia is (juite peculiar. But 
the forms which, next to the Helices^ most emphasise the separa- 
tion of the Cingalese district are the land operculates. Ihere 
are eleven genera c^r subgenera of land o}>erculates whicli no not 
occur in tlie rest of India proper. Two (^Aulopoma ond Ctuaulus) 
are quite peculiar, while the other nine are represented in 
Burmah, Siam, and the Malay islands, but not in India. On 
the other hand, Eiplommatina and AlycufAis, so profusely abun- 
dant in India, have not yet been disc.overed in Ceylon. Among 
the slugs, Tennentia is a peculiar genus, whose nearest relation 

occurs iii the Seychelles. 


Genera and Subgenera occurring in the Cingale'se District, 

hut 'not in N. and Central India 


Streptaxls 
Tennentia 
Acavus 
Eurystoina 
( ‘orilla 

The district 


Beddomea 
Philopotamis 
Tanalia 
Theobald iu.s 
Leptopoiiioides 


Craspedotropis 

Pterocyclus 

Aulopoma 

Ditropi.s 

CyatIioiK)nia 


Mychoponia 

Cataulus 

Nicida 

Opisthostoina 


consisting of Upper 


Burmah, Beyu, Tenasseri'ut, 
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Hiul Araean, while essentially a part of the Indian province, 
contains several Siamese genera wliieh are not foniul in India 
proper, as well as several which are at present peculiar. 
Amongst the former category are, of Ilelicidae, a single repre- 
sentative each ol the genera Camaena (Siamese and Chinese) and 
Aegista (Chinese). Iniluence of the same kind is seen in the 
increased numbers of riectojnjlis (14 sp.) and Plectotropis (5 sp.), 
of Clausilia (10 sp.) and Amphidromus (5 sp.), 
and of the large tubed operculates (11 sp. in all). 

Sesara and Sophina among the Naninidae are strange 
to India, while Hyalimcix is common only to the 
Andamans, Nicobars, and Masciirene Is. llypselo- 
stoma (k ig. 202, A) is a most remarkable genus of 
the Tupidae, reminding one of Anostovia of the 
New World. It is peculiar to the peninsula, but 
for one species in the Philippines. Among the 
Pupinidae, we have the peculiar liaphaulus and 
Hyhocystis (Fig. 205), a very remarkable form, of 
which another species occurs at Perak. 'Ty/o Helicina 
mark the most westward extension of the genus 
on the mainland. In the extreme north of Upper 
Burmah, Indian and Chinese forms intermingle. 

Hie Burmese district, together with the Indian and Siamese 
provinces, is pre-eminently the home of a group of Mollusca, 
originally of marine origin, which have permanently habituated 
theniselves to a brackish or fresh- water existence. They belong 
to widely diflerent families, and even Orders. Besides Cremnocon- 
mentioned above, we have, among the bivalves, Novaculina, 
a bole7i living in fresh water in the Ganges, Irawadi, and 
lenasserim estuaries ; ScaphiUa, an Area, one species of which 
^urs in the Ganges hundreds of miles above the tideway (see 

* 9. p. 14); and Martesia, a Pholas from the Irawadi Delta 

Clea (which also occurs in Java and Sumatra) is probably an 
estuarine ComiTulla; a Tectura has earned the name fiuminalis 
from Its exclusive residence in the Irawadi R ; Iravadia is 
probably a Rissoxna of similar habits, occurring from Ceylon 

^ (^erithimn from an affluent of 
e River Salwin, and Canidia is a Nassa, occurring in the 

embouchures of rivers from India to Borneo. Nowhere else in 
^ vr m ^ collection— not exhausted by this list 


Fig. 205.— f/i/bo- 
cystis gravida 
Bens. Young 
and adult. 
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— of marine forms caught in process of habituation to a fresh- 
water or even a land existence. 

The Andaman and Nicobar Islands possess no peculiar features 
in their land Mollusca. They are closely related to the adjacent 
coasts of Lower Burmah. Amphidrovius (2 sp.) occurs in the 
Andamans alone, and Clausilia (2 sp.) in the Nicohars alone, 
while Hycdimax occurs in both groups. A remarkable Helix 
(codonodes F^r.) from the Nicohars appears to find its nearest 
relations in the isolated group from Busuanga and Mindoro (p. 
315). Land operculates are abundant, in the Nicohars actually 
outnumbering the pulmonates (28 to 22). Helicina and Om- 
phalotropis, genera characteristic of small islands, are found on 


both groups. 

(b) The Siamese Province includes the area occupied by the 
districts known as Siam, Laos, Cambodia, Cochin China, Ajinam, 
and Tonquin. Along the whole of its northern frontier, the 
zoological is no more than a political boundary, while on the 
east the mountain ranges which part Siam from legu and 
Tenasserim are not of sufficient height to offer any effective 
barrier to distribution. The province is accordingly qualified to 


a considerable extent by Indian and Chinese elements. 

Streptaxis is, but for three Ennea, the sole representative of 

the carnivorous genera, and attains its maximum in the Old 

World Partly owing to Chinese influence, the Helicidae, wit 

11 genera and 46 species, begin to regain their Position ^ 

compared with the Naninidae (12 genera, 54 species). Of the 

Helicidae, Acusta and Hadra appear now for the first time, and, 

with Plectotropis, Stegodera, and Clausilia, form « 

C^me^^ element ^ Amp^tdroi^^,^ 

ritis, Camaena, and Ohbina among 
the Helicidae, Trochomo^ha, and, 

Fia. 206. —Cydophoni* tiamenn* of the ojierculates, Hdicina. 

Sowb., Siam. Ijind operculates are very nchly 

developed. In all, there are 17 genera and 104 siieciea known. 


Fia 206. — Oydaphonis siamensis 

Sowb., Siam. 
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The tubed operculates attain their maximum, and Cyclophonis 
is even more abundant than in India. Fresh -water bivalves 
abound. Dipsos and Pseudodon are common to Chitia, and Unio 
and Anodonta are profusely represented. A curious resemblance 
to S. America appears in this group, a single Mycetop%is occurring, 
the only species not Brazilian, while Arconaia appears very closely 
to approach the Hyria of the same locality. Several genera 
of the Hydrohia type {Pachydrobia, Jullienia, Chlorostracia) are 
peculiar. 


Land and Fresh-water Mollusca of the Siamese Province 


Strep taxis 

20 

Cbloritis . 

8 

Faunas 

1 

Leptoponia . 

10 

Ennea . 

3 

Dorcasia . 

1 

Bithynia . 

9 

Lagochilus . 

6 

Helicarion . 

7 

Caniaena 

6 

Wattebledia 

1 

Pupina . 

8 

Microcystis . 

3 

Hadra 

6 

Stenothyra . 

4 

Hybocystis . 

3 

Sesara (?) 

1 

Obbina . 

1 

Hydrobia 

1 

Aly^eus 

6 

Medyla . 

1 

Aniphidromus33 

Pachydrobia 

9 

Cataulus (?) . 

1 

Xesta 

4 

Bocourtia 

2 

Jullienia 

6 

Diplommatina 2 

Macrochlamys . 

6 

Buliminus . 

4 

Lacunopsis . 

6 

Helicina . 

4 

Kaliella . 

5 

Hypselostonia 

2 

Chlorostracia 

4 

Georifisa . 

2 

Hy alini a (?) 

1 

Tonkinia 

1 

Vivipara . . 

39 

Modiola (f. w. 

-) 2 

Hemiplecta . 

14 

Clausilia . 

15 

Valvata . . 

1 

Dreissensia . 

3 

Rhysota . 

2 

Opeas 

7 

AmpuUaria . 

15 

Anodonta 

17 

Trochomorpha . 

6 

Spiraxis (?) . 

2 

Assiminea . 

7 

Mycetopus . 

1 

T rochom orph oides 3 

Subulina 

1 

Procyclotus . 

0 

Pseudodon . 

18 

Plectopyhs . 

5 

Succinea . 

4 

Dasytherium 

2 

Dipsas 

4 

Stegodera 

2 

Vagmula 

7 

Opisthoporus 

5 

Unio . . 

G4 

Plectotropis 

12 

Limnaea 

7 

Rhiostoma . 

t 

Arconaia 

1 

Trachia . . 

3 

Planorbis 

6 

Myxostoma . 

1 

Cyrena . 

6 

F ruticicola . 

A 

2 

Canidia . 

13 

Pterocyclus . 

7 

Batissa . 

1 

Acusta . . . 

2 

Melania . 

39 

Cyclophorus 

28 

Corbicula 

35 


(c) The Malay Provirwe includes the peninsula of Malacca 
south of Tenasserim, and the series of islands beginning with 
Sumatra and stretching eastward up to the Is., besides 
Borneo and Celebes. The Philippines form a separate province. 

The Malay province is singularly poor in representative 

forms, whether we regard it as a whole or consider the islands 

separately. Not a single genus, with the exception of Rhodina 

(Malacca), appears to be peculiar. The contrast with the West 

Inches is in this respect very striking. Java, for instance, 

which is well explored, and almost exactly eleven times the size 

of Jamaica, has about 100 species of land Mollusca, while 
Jamaica has about 460. 
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This want of individuality in the land Molliiscii of the Malay 
islands is accounted for by a consideration of tlie sea depths 
which separate them from the Asiatic mainland. The accom- 
panying map, the red line on which is intended to show what 
would be the result of an elevation of the sea bottom for no 
greater amount than 100 fathoms, exhibits clearly the fact that 
these islands are practically a part of Asia, a large stretch of very 
shallow sea extending between Siam and the greater part of the 
north-west coast of Borneo. 

In all probability the three great islands of Sumatra, Java, 
and Borneo were united with the mainland of Asia, and 
with one another, at a period, geologically speaking, com- 
paratively recent. This follows from the general imiformity of 
their land Mollusca, both as regards one another and as regards 

the mainland. Nor do the smaller mem- 
bers of the island series — Bali, Lombok, 
Sumbawa, Flores, Timor, and Timor Laut 
show any marked individuality in the 
possession of peculiar genera. Wallaces 
line is absolutely non-existent, so far as 
the land Mollusca are concerned. The 
really noticeable break in distribution 
comes with the Ani Is., for while the 
Tenimber group (Timor Laut, etc.) are decidedly Malay, and the 
K6 Is., in the poverty of our information, uncertain, the Aim Is. 
are as Papuan as New Guinea itself. The profound depths of the 
Banda Sea to the north, and the Timor Sea to the south, appear 
to have kept the islands from Flores to Timor Laut free from the 
intrusion of any Moluccan or any considerable Australian element. 
The Moluccas, as has been already remarked, besides possessing 
considerable peculiarities of their own, unite a mixture of the 
Malay and Papuan elements, and serve as a sort of debatab e 

ground for the meeting of the two. 

The Malay peninsula is practically another island of some 

what the same shape and general trend as Sumatra, and about 
one-half the size. Its general relations — and the remark applies 
to the great Simda Islands as well — ^appear to be rather more 
with Burniah, Tenasserim, and even the Cingalese district, than 
with Siam. Points of connexion between Ceylon and Sintra, 
and Ceylon and Borneo, have already (p. 304) been brought out. 



Fig. 207 . — Ariophanla Rum- 
phii V. d. B., Java. 
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It seems not impossible, from the point of view of the land 


Mollusca only, that the Sunda Islands may at one time have 
stretched much farther into the Bay of Bengal, prolonged, per- 
haps, into what are now the Andaman and Nicobar groups, 
while Ceylon and the western side of the Deccan, united into one 
continuous piece of land, and possibly separated from N. India by 
a wide stretch of sea, extended farther eastward in a long island, 
or series of islands. 

Java, from its Mollusca, does not appear to hold the compara- 
tively isolated position which its mammals and birds seem to 
indicate. Borneo, on the other hand, is more Siamese than Java 
or Sumatra in respect of a group whose metropolis is Siam, 
namely, the tubed operculates ; for wliile that section is repre- 
sented by 3 species in Sumatra and only 2 
in Java, in Borneo it has as many as 19, 

Rhiostoma not occurring in the two former 
islands at all. Alycaeus^ LagochihiSy Pupina, 
and Cyclophorus are found throughout, but 
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Hybocystis (Malacca, 1 sp.) does not quit the 
mainland. Borneo is remarkably rich in 
land operculates, especially noticeable being 
the occurrence (11 sp.) of Opisthostoina 
(Fig. 208), a most extraordinary form of 
land shell (Ceylon, Siam), of Diplommatina 
(17 sp.), and Raphauhis. The occurrence 
of a single Papuina (Moluccas eastward) is 
very remarkable. 

Amphidromns is a genus characteristic 
of the great Sunda Islands, attaining its 
maximum in Java (12 sp.). The Indian Glessula still has 
one species each in Sumatra, Java, and Borneo. One species 
of Streptaxis ^ occurs in Malacca, but Ennea (3 sp.) reaches as 
far east as Borneo and the Philippines. Parmarion^ Helicarioriy 
Ariophantay and other groups of the Naninidae are well repre- 


Fio. 208. — A, Opisthostoma 
Cookei E. A. Smith, 
Borneo ; B, Opistho- 
stoma grandtspinosum 
G.-A.y Borneo. Both 

X 8. 


' Streptaxis is a remarltable instance of a mainland genus. Although abundant 

in tlie Oriental, Ethiopian, and Neotropical regions, it never seems to occur on any 

of the adjaeent islands, except in the ease of Trinidad (1 sp.), which is practically 

mainland. Omphalotropis, on the other hand, is the exact reverse of Streptaxis 

m this resiiect, occurring all over Polynesia and the Malay Is. , as far west as Borneo 

as well as on the Mascarenes, but never, save in a doubtful case from China, on the 
maiiilaml of Asia, Australia, or Africa, 
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Ileniiplecta and Jiesta are abundant and large, while the 

Ji/n/sota of Borneo contain some huge sinis- 
tra! forms. Hhodina is a remarkable form 
from Malacca, whose exact generic position 
is not yet settled. Clansilia has a few species 
on all the islands, the last occurring on 

O 

Ternate, and a single Papuina (Moluccas 
and N. Guinea) occurs in Borneo. 

The Island of Celebes marks the be- 
ginning of a distinct decrease in the Indo- 
Malay element. The Naninidae lose ground, 
in proportion to the Helicidae, Macro- 
cJilaviys, for instance, ])eing represented by 
only one species, and Hemiplecta by four. 

Other characteristic genera of the Indian 
region dwindle, such as Amphidromus, Clausilia, the tubed 
oj)erculates, and Cyclopthorus, while Sitala, Kaliella, Glessula, 
and Plectotropis disappear altogether. Comparing the total 
numbers of Naninidae and Helicidae from Sumatra to New Guinea, 
we obtain this interesting result : 



Fl(J. 200. — .1 mphidn/mus 
pei'versus L., Java. 


Sumatra 

Java 

Borneo 

Celebes 

Moluccas 

N. Guinea 

26 

32 

51 

22 

36 

40 

/ 

11 

13 

14 

55 

91 


Nanina (all genera) 

Helix (all genera) 

It will be noticed that the proportion of Naninidae to Helicidae, 
which has been nearly 4 to 1 in Sumatra, falls to to 1 in Java, 
and rises again to 4 to 1 in Borneo (showing the essentially con- 
tinental character of the island) ; in Celebes it further falls to 3 
to 2, while in the Moluccas the scale turns and Helix has the 
advantage by about 8 to 5, and in N. Guinea by more than 

2 to 1. 

There is the same absence of marked features of individuality 
in Celebes as in the islands dealt with above. Not a single 
genus is peculiar. The nature of the sea bottom between Borneo 
and Celebes, with its indications of a somewhat broad bridge over 
an otherwise deep channel of separation, would seem to account 
for and suggest the true explanation of the facts as they stand. 
At the same time, there are indications of a certain amount of 
contrast between N. and S. Celebes. The Indian element, which 
constitutes the preponderating majority of the fauna, is common 
to north and south alike. But the north part of the island; in 
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which Ohha and Obbina occur, sliows decided relationship with the 
Philippines, while the occurrence of three Chloritis and one 
Planispira tend to approximate S. Celebes rather with the 
Moluccas. 

The islands eastward of Java, from Bali to Timor Laut and 
the Tenimber Is., present no trace of individual peculiarities ; 
they simply carry on the Indo-Malay fauna as though along a 
great peninsula. Even Timor, surrounded as it is on all sides by 
sea of profound depth, shows no sign of possessing even one 
peculiar genus. Amphidromus, perhaps the most characteristic 
of all Indo-Malay genera, occurs throughout, diminishing in 
numbers as we go eastward (Bali, Lombok, and Sumbawa 4 sp., 
Timor 2 sp., Timor Laut 1 sp.), while Plectotropis reaches no 
farther than Flores and Timor. The tubed operculates are alto- 
gether wanting. In Timor Laut we have Moluccan influence 
appearing in 3 Chloritis, and there is one (supposed) Corasia. 
Two Helices of a marked Australian type {Rhagada) occur, one in 
Flores, the other on Dama L, south-west of Timor. The con- 
figuration of the sea bottom (see map) would lead us to believe 
that the north-west coast of Australia once stretched a good 
deal nearer to these islands. 

The Moluccas, taken as a whole, constitute a transition region 
between the Indo-Malay and the Papuan faunas, uniting, to a very 
considerable extent, the features of both. They fall into two 
well-defined groups. The northern, or Ternate group, consists of 
Gilolo (Halmahera), Batchian, and the outlying islands as far 
south as and including Obi major. The southern, or Amboyna 
group consists of Burn, Ceram, Amboyna, and the chain of islands 
to the south-east of Ceram, as far as, and including the K4 Is. 

The Ternate group shows decidedly closer relations with New 

Guinea than the Amboyna group. Thus, among the Helices, the 

markedly Papuan genus Papuina is represented by 7 species in 

the Ternate group, but by 1 in the Amboyna group. Again, the 

Cristigibba section of Planispira, which is a Papuan form, has 

4 representatives in the northern group, but only 1 in the 

southern. Certain points of connexion with Celebes come out in 

the southern group which are wanting in the northern ; thus of 

Chloritis there are 8 species in Amboyna, 0 in Ternate, 3 in 
Celebes. 

In the Moluccas the Helicidae, for the first time as we move 
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oastvvard from India, gain the ascendancy over the Naninidae, the 
numbers lieing, Ifelix 55, JVamna 36. If we take the groups 
separately, we find that in the Amboyna group the proportion is 
-2 to 23, while in the Ternate group it is 33 to 13, an addi- 
tional proof that the Amboyna group is far less Papuan than the 
leinate. Of Flanispira, the most characteristic sub-genus of 
Helix, there are 1 2 species in the Ternate group, and 5 in the 
Amboyna. The .section Fhania, which contains 4 species of the 
finest Helices known, is quite peculiar to the Ternate group. 
One .species of Ohhina, a sub-genus markedly Philippine, occurs in 
each group. Several of the Indo-Malay land operculates (e.g. 
Ditropis) reach their limit here, and here too we have the last 
Clausilia (strangely absent from the Amboyna group). Amphi- 

dvoiTiKS is not reported on sufficient authority to warrant its 
insertion in the list. 

Land Mollusca of the Moluccas. (T = Ternate, A = Amboyna’ group) 

Helicarion . 1 A Cristigibba . 1 A, 4 T Faunus ... I A 

Euplecta 1 A Obbina . . 1 A, 1 T Vivipara . . 1 A 

Xesta . 6 A, 4 T Phania . . 4 T Acmella 1 A 

Macrochlaiiiys 1 A Albersia . . 3 T Diplomniatina . 4 A, 2 T 

Lamprocystis 4 A, 2 T Camaena . 1 T Registonia . . IT 

Macrocycloides 4 A Papuina . . 1 A, 7 T Pupinella . . 1 A 

Sitala 1 A Pupa. . . 3 A Callia ... 2. A 

Kaliella . . 3 A, 1 T Vertigo . . 2 A Leptopoiria . 4 A, 5 T 

Trochomorpha 3 A, 3 T Clausilia . 1 T Lagochilus . 1 A, 1 T 

Endodonta . 1 A Opeas . 4 A, 4 T Ditropis . . 3 A 

Patula 1 A Subulina . 1 A Cyclotus . . 4 A, 6 T 

Plectotropis . 1 T Tomatellina 1 A Ornphalotropis 3 A 

Eulota . . 1 A Vaginula . . 1 A Georissa . . IT 

Chloritis. . 8 A Melania 18 A, 4 T Helicina . . 6 A, 3 T 

Planispira 5 A, 12 T 

(rf) The Philippine Province , — In the extraordinarily rich 
development of their Mollusca, the Philippines form a remark- 
able contrast with the poverty of the adjacent Malay islands. 

No less than 727 species of land Mollusca alone are known from 
the group, amongst which are included some of the finest and 
handsomest forms yet discovered. The main features of the 
fauna are Indo-Malay, with the addition of a certain Australasian 

’ The Amboyna group has been much the better explored. Common to both 
groujis are one sp. each of Kaliella^ Trochcmcrpha^ Opecu, Lcjitofoma^ Cj/elotus, 
lltliciiva. 
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element, and a remarkable development of individual character- 
istics. 

The principal indigenous feature is tlie profuse abundance of 

the genws Codilosti/la, a group of large and elegant land shells 

partly helicoid, partly bulinioid in shape, many of the species of 

w iich are covered with a curious hydrophanous epidermis. They 

are in the main of arlioreal habits, living in the tops of the 

enormous forests which cover the greater part of the islands. 

As many as 247 species, belonging to 15 sub-genera, have been 
uescribed. 

Ihe distribution of the sub-genera of Cochlostyla on the 



Fio. 21 0. — Cochlostyla { Chry- 
salis) mindoroensis Brod., 
Mindoro, Philippines. 



Fig. 211. — Cochlostyla {Ortho- 
stylus) Poi'tei Reeve, Luzon 

xS. 


1 erent islands of the Philippine group affords important 
evidence on the geological relation of the islands to one aLther 

cen’T and Hypselostyla occm-ring iu the 

central islands and S. Luzon, but not in Mindanao or Mindo^t 

we find Chrysahs peculiar to Mindoro, Prochilus to Mindoro 

and the Cuyos, Ptychostyla to Luban, all these being sub genera 

of very marked characteristics. Six out of tba ^ 1 ^ °^*^**^ 

a. ab«„t f™. 

islands in the immediate vicinity TIip liffi ^ rn 

Bombloa-Sibuyaa „ e entirer Xfcie „ ' in i 

wbiab on Jonol-rglbl 

A. H. Cofjke, P. Z. S. 1892, pp. 447-469. 
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Fig. 212 . — Jldix (Ohhina) rota Brod., 

Phili|)[)iiies. 


Ollier forms peculiar to the Philippines are Diaphora, a 

section of Ennea with a curi- 
ously produced mouth, and 
several sub-genera of the 
Naninidae( Vitriniconus, Vit- 
rinoidea, Hemitrichia). The 
great Rhysota here find their 
metropolis. Another very 
marked group of Helix is 
Ohhina, 19 of the 25 known 
species being peculiar. 

The TIelicidae proper of the Philippines are still held in 
clu‘ck, as in the greater part of the Indian region, by the 
Naninidae. The single Tracliia and Flecfotropis, and the 2 
species each of Flectopylis and Safsuma, indicate affinities with 
Indo-Ohina. Further important Indian relationships are seen 
in tlie great Kanina and Cyelophorus, wdiich here attain almost 
Indian dimensions ; in KahelUi (8 sp.), Sitala (2), Clavsilia 
(1). Among the operculates we still have 1 Alycaeus and 1 
Coptochilus. Singularly enough, several Indian genera which 
occur here are not found in the intervening islands of Borneo, 
Sumatra, or Java, e.g. Sfreptaxis, Hypselostoma, Fitropis, Acmella, 
and Cyatliopoma. The curiously tubed Malay operculates, 
Opisthoporus, etc., fail to reach the Philippines proper, altliough 
occurring in Borneo and N. Celebes j one of them reaches 1 alawan. 
The strikingly Malay genus ATnpha d ronvus reaches 1 alawan, but 
no farther (1 sp.), while 2 species reach Mindanao, and one of 
these penetrates as far as Bohol and S. Leyte. Amongst the 
slugs, Mariaella occurs again only in the Seychelles, and lennentia 

only in Ceylon. 

Land and Fresh-water Mollusca of the Fhilippines 


Streptaxis . 1 

Ennea . .10 

Mariaella . 3 

Tennentia . 1 

Helicarion . 21 
Vitrinopsis . 5 

Vitrinoidea . 1 

Rhysota . .17 

Trochonanina 2 
Euplecta . . 28 


Hemiplecta . 11 
Hemitrichia 15 
Xesta ... 2 

Macrochlamys 5 
Microcystis . 3 

Lamprocystis 1 7 
Bensonia . . 4 

Vitriniconus 16 
Sitala ... 2 

Kaliella . . 8 


Trochoinorplia 21 
Endodonta 
Plectopylis 
Plectotropis 
Aulacospira 
Pupisoma . 
Satsuma . 
Dorcasia . 
Chloritis . 

Obbina 


1 
3 
1 
3 
1 

2 
2 
7 

H) 


Paj)iiina . . 1 

Phoenicobius . 7 

Cochlostyla 247 
Aniphidronius 2 
Hapaliis (?) • 

Hypselostonia 

Pupa . • • 

Clausilia . 
Subuliiia . . 

Prosopeas . • 


4 

1 

4 

1 

3 

2 
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Opeas. . . 

4 

Melania . . 

50 

Hargreavesia . 

1 

Cyathopoma . 

5 

Gkostilbia . 

1 

Pirena 

2 

Gallia . 

2 

Cvclotus . 

19 

Tomalellina 

1 

Bithvnia . . 

1 

Pupinella . 

3 

Omphalotropis 

3 

Succinea . 

3 

Vi vi para . . 

7 

Helicomorpha 

4 

Helicina . 

18 

Vagin Ilia 

2 

Ampullaria . 

5 

Coptochilus . 

1 

Georissa . 

3 

Ancylus . 

1 

Acmella . 

2 

Alycaeus . . 

1 



Limnaea . . 

3 

Diplommatina41 

Leptopoma 

42 

Anodonta . 

] 

Planorbis 

3 

Arinia . . 

6 

Lagochilus 

11 

Cyrena . . . 

3 

Physa . . 

2 

Pupina 

5 

Cyclopborus . 

31 

Corbicula . 

7 



Registoma . 

7 

Ditropis . . 

7 




Islands adjacent to the Philippines. — The Philippines are 
connected with Borneo by two distinct ridges or banks of eleva- 
tion, which enclose between them the Soo-loo or Mindoro Sea. 
There can be little doubt that these ridges represent the 
ancient highway of transit, by which Indo-Malay species passed 
into the Philippines. The depth of the sea on either side is 
profound, ranging from an average of about 1000 fathoms west 
of Palawan to 2550 off the south-west coast of Mindanao. 

It appears that the fauna of the Soo-loo ridge is definitely 
Philippine up to and including Bongao, Sibutu, and Bilatan, the 
last islands at the Bornean end of the ridge. On these are found 
two species of Coehlostyla and an Obbina. 

The Palawan ridge may also be described as more or less 

Philippine throughout. One species of Coehlostyla occurs on 

Balabac, just north of Borneo, and two on Palawan, but these 

are perhaps counterbalanced by the definitely Indo-Malay Amphi- 

dromus and Opisthoporus (1 sp. each). At the northern end of 

the ridge, on Busuanga and Calamian, the Philippine element 
predominates. 

Representatives of two remarkable groups of Helix {Camaena 

and Phoenieobius) occur along the Palawan ridge and in Mindoro. 

The Phoenicobitis find their nearest alUes in the curious small 

group known as Obba, from N. Celebes, the Camaena possibly in a 

type of Helix {Hadra) occurring in New Guinea and N.E. Australia. 

The only other Helix from the whole of the E. Indies which 

bears any resemblance to the Phoenieobius group is H. codonodes 

Pfr., which is pecuUar to the Nicobars. A few forms assigned to 

Camaena also occur in Fiu-ther India and Siam. It would 

appear possible, therefore, that these two isolated groups are a 

sort of survival of a fauna which perhaps had once a much 
more extended range. 
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(2) The Chiiies6 Sub-rBglon. — The Chinese Suh-region in- 
cludes the whole of China from its southern frontier up to and 
includinf^ the basin of the Blue or Yang-tse River, together with 
the coast district, including Corea, perhaps as far north as Madi- 
vostok, and the outlying islands of Hainan, Forrnosii, the Loo- 
Choo and Bonin groups, and Japan to the north of Niphon. It 
may ])e divided into two provinces, the Chinese and the Japanese. 

(^0 The fauna of the Chinese province proper bears, in many 
respects, strong marks of relationship to that of India and Siam. 
Th us StreptaxiSy Helieariony MacrochlamySy Kaliella, Sitala, Ario- 
phanta, Rhysota, Hemiplecta, Diplommatina, Opistlioporus, Ptero- 
cyclus, LagochiJ us, and Ahycaeus all occiu*, especially in Southern 
China. The two points in which the sub-region bears special 
marks of individuality are Helix and Clausilia. The sub-genera 
of Helix which have their metropolis in China are Satsuma, 
Cathaica, Aegista, Aeusta, Euhadra, Plectotropis, and Plectopylis, 
Sinistral forms (compare Fig. 213) are rather prevalent. In 
several cases — e. g. Trichia, Gonostoma, Fruticieola — there is a 
reappearance of forms which appear to belong to well-known 
European sub-genera. Clausilin here attains a kind of second 

centre of distribution, and is represented l)y its finest forms, 

which belong to several peculiar 
sub -genera. The carnivorous Mol- 
lusca are not abundant, and are 
represented by Rathouisia (a peculiar 
genus of naked slug), Ennea, and 
Streptaxis. In the western provinces 
Buliminus is abundant in several 
sub-genera, one of which appears to 
be the European Napaeus. 

There is little which is striking in the operculates, whicli are 
most abundant in the south, and appear to be mainly derive 

from Indian and Siamese sources. The occurrence of 
(3 sp.), Omphalotropis (1), Leptopoma (2), and Recdin (2), is 
evidence of some influence from the far East. Heudeia is a very 
remarkable and quite peculiar form of Helicina with interna 

plicae, perhaps akin to the Central American Ceres. 

Fresh - water genera are exceedingly abundant, especia y 
Melania, Idnio, and Anodonta. The occurrence of MyceUqrns 
(a Soutli- American genus) is remarkable. There are severa 



Fia. 213 . — Helix {CaiMunm) cica- 
tricosa Milll. , China. 
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peculiar forms of fresh-water operculates, whose exact position is 
hardly yet assured. 


Larid and Fresh-water Mollusca of the Chinese Province 


Rathouisia . 

1 

Trichia . . 

10 

Streptaxis 

7 

Cathaica . . 

22 

Eimea . . . 

12 

Aegista . . 

10 

Parmarioii 

2 

Armandia 

3 

Helicarion 

15 

Acusta . . 

15 

Euplecta . . 

3 

Obbina . . 

1 

Macrochlamys 19 

Camaena . . 

5 

Microcystina 

2 

Euhadra . 

14 

Microcystis . 

7 

Plectopylis . 

19 

Kaliella . . 

16 

Stegodera 

6 

Sitala . . . 

8 

Chloritis . . 

1 

Ariophanta . 

1 

HeL Inc. sed. 

39 

Rhysota . . 

6 

Buliminus 

21 

Hemiplecta . 

1 

Buliminopsis 

3 

Trochomorpha 

2 

Buliminidius 

3 

Limax . . . 

1 

Napaeus . . 

14 

Philomycus . 

1 

Rachis (?) . 

4 

Patula . . . 

2 

Pupa . . . 

10 

Gonostoma . 

4 

Clausilia . 

102 

Metodontia . 

2 

Opeas . . . 

12 

Vallonia . 

1 

Euspiraxis . 

1 

Plectotropis . 

9 

Subulina . . 

5 

Fruticicola 
Satsuma . . 

11 

14 

Stenogyra (?) 

12 


Succinea . 

8 

Leptopoiiia . 

2 

Vaginula . . 

7 

Lagochilus . 

10 

Limnaea . 

2 

Cyclophorus . 

18 

Planorbis . . 

6 

Coelopoma . 

1 

Melania . . 

44 

Pterocyclus . 

3 

Paludomus . 

3 

Opisthoporus 

4 

Bithynia . . 

12 

Cyclotus . . 

10 

Lithoglyphus 

3 

Scabriua . . 

4 

Melantlio (?) . 

1 

Ptychopoma . 

12 

Pachydrobia . 

1 

Omphalotropia 

1 

Prososthenia . 

2 

Realia . . . 

2 

Stenothyra . 

2 

Pseudopoinatias 1 

Hydrobia . . 

2 

Helicina . 

3 

Mecongia . 

1 

Georissa . 

4 

Oncomelania 

9 

Heudeia . 

1 

Margaracya . 

1 

Cyclas . . . 

1 

Rivularia . . 

4 

Corbicula . 

50 

Delavaya . 

1 

Unio . . . 

53 

Fenouillia 

1 

Monocondylaea 1 

V 1 vipara . . 

34 

Anodonta . . 

55 

Diplomraatina 20 

Mycetopus 

12 

Pupina . . 

6 

Pseudodon . 

1 

Alycaeus . . 

23 

Dipsas . . . 

4 


The island of Hainan, in the extreme south of the sub-region, 

has 40 E^ies of Mollusca, 22 of which are peculiar, but there is 
no peculiar genus. 

The MoUusca of Formosa, although in many cases specifically 
distinct, show close generic relationship with those of China. 
The characteristic Chinese groups of Helix and Clausilia occur, 
and there is still a considerable Indian element in several species 
of Streptaxis, Macrochlamys, Kaliella, and Alycaeus. The oc- 
currence of two Amphidromus, a genus which, though Siamese, 
is not found in China or Hainan, is remarkable. 

The peninsula of Corea must undoubtedly be included in the 
Chinese sub-region. It is true that the land operculates scarcely 
owur, but there are still a number of Clausilia, and several of 
the characteristic Chinese groups of Helix are reproduced. In 
some points Corea appears to show more affinity to Japan than 
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to China, four of the Helices being specifically identical with 
those of Japan, but the peninsula is at present too little explored 
for any generalisations to be made as to its fauna in this respect. 

(i) Japanese Province. — Kobelt distinguishes foui’ groups of 
Mollusca inhabiting Japan (a) circumpolar species, actually 
occurring in Europe, Siberia, or N. America, or represented by 
nearly allied species (these of course do not belong to the 
Japanese province as such); (d) Indo-tropical species; (c) species 
which are Chinese or akin to Chinese ; (d) peculiar species, a 
mixture of two forms, southern and northern, the latter being 
chiefly Hyalinia, Patula, and Fruticicola. Out of a total of 193 
Japanese species, at least 164 are peculiar. 

The Japanese Helices belong to sub -genera common to 
China {Plectotropis 8, Euhadra 21, Acusta 23?); but the 
Naninidae scarcely occur at all. The principal feature of the 
fauna is the development of Clausilia, which presents some 
extraordinarily fine forms. One slug {Philomycus) is identical 
with an Indian species. The operculates, which consist mainly 
of a few species each of Diplommatina, Cyclophorus, Pupinella, 
Pupina^ Helicina^ and Georissa^ belong almost exclusively to the 
southern islands Kiu-siu, Sikoku, and southern Niphon. The 
three species usually reckoned as Japonia are probably forms of 
Lagochilus. 


C. The Australasian Region 

This region includes all the islands of the Pacific east of the 
Moluccas, and falls into three sub-regions — the Papuan, the 

Australian, and the Polynesian. 

1. The Papuan Sub-region may be divided into — {J) the 
Papuan Province proper, which includes New Guinea, with the 
Aru Is. and Waigiou, the Admiralty Is., New Ireland, New 
Britain, and the d’Entrecasteaux and Louisiade Groups ; (b) 
the Queensland Province, or the strip of N.E. Australia from 
C. York to the Clarence R (about 29° S. lat.); (c) the 
Melanesian Province, which includes the New Hebrides, New 
Caledonia, with the Loyalty Is. and the Viti Is. The Solomons 
form a transition district between the Papuan and Melanesian 
provinces, abounding on the one hand in characteristic Papuan 
Helices, while on the other they form the north-western limit of 
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Flacostylus, the group especially characteristic of the Melanesian 
province. 

(a) The Papuan Province. — The molluscan fauna of New 
Guinea is the richest and by far the most original of all the 
Australasian region. We find ourselves, almost in a moment, in 
a district full of new and peculiar forms. New Guinea may be 
regarded as the metropolis of the rich Helicidan fauna, which is 
also characteristic of the Moluccas to the west, of N. and N.E. 
Australia to the south and south -east, and of the Solomons and other 
groups to the north-east. Here abound species of Papuina and 
InsvXaria (the latter being quite peculiar), among which are 
found, if not the largest, certainly the most finished forms of all 
existing Helices. Chloritis (13 sp.), Planispira (5), and Cristi- 
gihha (9) are common with the Moluccas, while a tropical 
Australian element is shown in Pedinogyra (1) and Hadra (4). 
Very remarkable, too, is the occurrence of one species of Oihina 
and Rhysota, genera which culminate in the Philippines and here 
find their most eastward extension ; while a single Corasia serves 
to form a link between the Corasia of the Philippines and those 
of the Solomon Is., if the latter are true Corasia. 

We naturally find considerable traces of a Polynesian element, 
which appears to be principaUy characteristic of the eastern part 
of the island. Most noteworthy in this respect is the occur- 
rence of Partula (3), Tornatellina (1), Charopa (1), Thalasda 
(3). As compared with the true Pvlmonata, the operculates are 
feebly represented, and the great majority are of a markedly 
Polynesian type. Not a single Cyclophorus occurs ; Lagochilus, 
Alycaeus, and all the tubed operculates, so marked a feature of 
the Indo-Malay fauna, are conspicuous by their absence, and the 
prevailing genera are Cyclotus, Helicina, and a number of sections 
of Pupina. Leptopoma, as in the Philippines, is strongly repre- 
sented. Not that an Indo-Malay element is altogether absent. 
We still have Xesta (5), Hemiplecta (8), and even Sitala (2), but 
the great predominance of Helix seems to have barred the pro- 
gress, for the greater part, of the Indian Naninidae. 

The slugs appear to be represented by a solitary Vaginula 
A single Perrxerxa is a very marked feature of union with 
Queensla^ where the only other existing species {P. australis) 
^nrs. The solitary Rhytida, so far the only representative of 
the carnivorous group of snails, emphasises this union stiU 
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further. Little is known of the fresh-water fauna. Melania 
(28 sp.) is predominant, but on the whole the relations are 
Australian rather than Indo-Malay. Ampullaria is wanting, 
while a decisive point of similarity is the occurrence of Isidora 
(3 sp.), a genus entirely strange to the Oriental region, but 
markedly characteristic of the Australasian. 


Land and Fresh-water Mollusca of New Guinea 


Rhytida . 

1 

Thalassia 

3 

Calycia . 

4 

Diplommatina 

1 

Helicarioii . 

2 

Ochthephila (?) 1 

Partula . 

3 

Pupina . 

4 

Rhvsota . 

1 

Chloritis. 

13 

Pupa . 

1 

Pupinella 

3 

Hemiplecta . 

11 

Planispira . 

5 

Stcnogyra 

1 

Oniphalotropis 2 

Xestii . 

2 

Cristigibha . 

9 

Tornatelliiia 

1 

Bellardiella . 

2 

Microcystis . 

3 

Iiisularia 

17 

Perrieria. 

1 

Leptopoina . 

16 

Microcystina 

2 

Obbina . 

1 

Succinea . 

1 

Cyclotus . 

6 

Sitala 

2 

Albersia . 

3 

Vaginula 

1 

Cyclotropis . 

5 

Oxytes (?) 

2 

Had ra 

4 

Limnaea . 

2 

Helicina . 

15 

Couulus . 

1 

Pedinogyra . 

1 

Isidora 

3 

Unio . 

4 

Trochoinorpha 

8 

Papuina . 

35 

Melania . 

28 

Cyrena . 

3 

Nanina (?) 

3 

Corasia (?) . 

1 

Faunus . 

1 

Corbiciila 

1 

Charopa . 

1 

Buliiniis (?) . 

1 

Vivipara . 

4 

Batissa . 

8 


Waigiou is practically a part of New Guinea. Twelve 
genera and twenty species of Mollusca are known, eight of the 
latter being peculiar. The occurrence of Papuina^ Insularia, 
and Calycia sufficiently attest its Papuan relationship. Two 
species each of Albersia, Chloritis, and Planispira occur.^ 

The Aru Is. are, as we should expect from their position, and 
particularly from the configuration of the adjacent sea bottom 
(see map), markedly Papuan. At the same time they show un- 
mistakable signs of long-continued separation from the parent 
island, for of their 36 land Mollusca 15, and of their 20 fresh- 
water Mollusca 9 are peculiar. The Papuan element consists in 
the presence of Papuina, Alhersia, and Cristigibha. Moluccan 
influence is not absent, for the three Helicinay the Albersia, and 
one Cyclotus are all Moluccan species. The fresh -water fauna 
appears to be a mixture of varied elements. The single 
Segmentina is common to India, the Glaucomya to Mala^ and 
the Philippines, while the single Batissa is also found in New 

Zealand. 

^ Mysol, with 2 ChlorUiSy 1 iTisularia^ 1 Cristigibba^ is decidedly Papuan. 
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Zaiid and Fresh-water Mollusca of the Am Islands. 


XesLi ... 4 

Microcystis . l 
Hyalinia (?) . 1 

Trochomoq)liii 1 

. . I 

. . 1 


Patula 

Eulota 


Chloritis . 
Crisligibba 
Albei-sia . 
Papiiina . 
Pupa . 
Stenogyra 


5 


1 

4 

2 

o 


Planorbis 

Segmeiitiria 

Melania . 

Leptopoma 

Moussonia 

Realia 


1 

1 

14 

3 

1 

1 


Cyclotus . 
Helicina . 
Cyrena . 
Glauconiya 
Batissa 


3 

3 

2 

1 

1 


The Louisiades, the d’ Entrecasteaux, and Trohriand, Is., and 
Woodlark L, are closely related to New Guinea, containing no 
peculiar genera. Each group, however, contains a considerable 
proportion of peculiar species, an indication that their separation 
from New Guinea dates from a very distant period. From the 
Louisiades are known 34 species in all, 22 of which are peculiar. 

The launa of the Admiralty Is., of New Hanover, and New 

Ireland is markedly rapuan, without any especial feature of 

distinction. The Admiralty Is. contain 15 sp. Eapuina, 7 

Chloritis, 1 rianispira, and 1 Corasia. A single Janella shows 

relationship with the New Hebrides and with New Zealand. In 

New Ii eland Planispira (which is specially characteristic of W. 

New Guinea and the Moluccas) has disappeared, but there are 7 

Papuina and 6 Chloritis. The essentially Polynesian Partula is 
present in both groups. 

The prominent feature of the Mollusca of the Solomon Is. is 
the extraordinary development of Papuina, which here cul- 
minates in a profusion of species and singularity of form. The 
genus is arboreal, crawling on the branches and attaching itself 
to the leaves of trees and underwood. Of the 140 land 
PulmoiMta known from the group, no less than 50, or 36 per 
cent, are Papuina. Ten species of Corasia occur, but whether 
the shells so identi fied are generically identical with those of the 
Philippines, IS not satisfactorily determined. Trochomorpha. 
With 22 species, here attains its maximum. Chloritis begins to 
fail, but still has 3 species. Indo-Malay influence still appears 

Xesta (1), and possibly even 
M^rMhlamys (1). The Rhytida, the 3 Hadra, and possibly 
the Paryphanta represent the Australian element. The erow 
mg numbers of ParMa (13), the smaU and incomspicuous land 
opercular (only 22 in all, with Helicinu very prominent), and 
the almost complete absence of fresh-water bivalves, show signs 
o s rong I olynesian affinities. An especial link with the New 
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Hebrides, Xew Caledonia, and tlie Viti Is. is the occurreiie^ of 
riacosfyJ us (lb s]).). It is very remarkable that this genus 
should occur in the Solomon Is. and not in New Ireland. The 
occurrence of Sfrcj)t(fu‘ls, if authentic, is very noteworthy, the 
nearest species being from the Philippines. 

Lund (ni(l Frrsli-'iratcr MoUuscu of the Solouioii Islands. 


Streptaxis (?) 
Khvtiba . 

V 

Paryplianta ( 1 ) 
Uelicarioii . 
Xesta . 

Macrochlanivs 

V 

lleiiliplecta . 
MicrocystiH . 


Tiocliomorj)]ia 22 
Naiiiiia (/} . . 2 

l^atula . 


2 

1 

1 

3 


Thalassia 

Cldoritis 

Philina . 

Hadra . 
Papuina 


1 

2 
3 
2 
3 

50 


Me rope . 

A 

C\)rasia (?; 
PIacost}dus 
Partula . 
Succinea . 
Melania . 


1 Pnpina . . 4 

1 0 Leptopoina . 4 

16 Omphalotropis 2 
1 3 Cvclotus . . 1 

1 Cyclotropis . 2 

18 Helicina . . 7 


Diplominatina 2 Uiiio . 


1 


(h) The Queensla nd Provhice . — The strip of coast-line ironi Cape 
York to the Clarence R. stands apart from the rest of Australia, 
and is closely connected with New Guinea. There can be little 
doubt that it has been colonised from the latter country, since 
an elevation of even 10 fathoms would create (see map) a wide 
bridge between the two. Many of the genera are quite strange 
to the rest of Australia. Ixind operculates are abundant, and ot 
a raj)uan tyj)e. Several of the characteristic Papuan genera of 
Helix (^l*(t 2 )aina^ Chloritis, Pl(inispirad) occur, while Hadra attains 



Fkj. *214. — Characteristic Aus- 
tralian Helices : A, //• 
[Hcuit'd) poinum Pfr. ; B, 

//. {Thermites) richnumdiuna 

Pfr. 


X §. 


its maximum. Panday Pedivogyray and Thersites aie thicc icniai k 
able groups in a rich Helix Parniacochlea is a peculiar 

form akin to Helicarion. The carnivorous Mollusca are 
sented by Rhytiday Diplomphalus (New Caledonia), aiu 
One species of Janellay a slug peculiar to this region, 

The predominant fresh-water genus is Bulinus {Isidora). 
puMaria and Anodonta are entirely absent from Austra la 

New Zealand. 


30 
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Land Mollusca of the Queensland Province 


Diplomphalus 

1 

Macrocyclis (?) 1 

Helix (inc.sed.) 6 

Janella . . 

1 

Khytida . . 

10 

Helicella 

10 

Bulimus(?) . 

1 

Georissa . 

1 

Elaea . . . 

1 

Planispira . 

8 

Stenogyra . 

1 

Pupina . . 

10 

Parmacochlea 

1 

Hadra 

51 

Tornatellina 

4 

Hedleya . . 

1 

Helicarion . 

7 

Cbloritis 

5 

Pupa . . . 

3 

Gallia . . . 

1 

Nanina . . 

3 

Pedinogyra . 

1 

Vertigo . . 

4 

Diplomniatina 

3 

Hyalinia 

10 

Thersites 

1 

Perrieria 

1 

Ditropis . . 

2 

Thalassia 

4 

Papuiua . . 

6 

Succinea . . 

3 

Dermatocera 

1 

Charopa . 

5 

Panda 

2 

Vaginula 

1 

Helicina . . 

8 

Patula (?) . 

4 








(c) The Melanesian Province includes those islands on which 

the remarkable group Placostylus occurs, the metropolis of whose 

distribution is New Caledonia. These islands are very possibly 

the remains of what was once a much wider extent of land. 

A single species of Placostylus occurs both on Lord Howe’s I. 

and in the North I. of New Zealand, but this fact, while 

highly interesting as indicating a possible former extension 

of land in a south-easterly direction, is hardly sufficient to bring 

these islands within the province as now limited. The Solomon 

Is., although containing Placostylus as far to the west as Faro 

I., form, as has been already stated, a transitional district to the 
Papuan province. 

New Caledonia.— ThQ chief features of the Mollusca are the 
remarkable development of the helicoid carnivorous genera 
Phytida (30 sp.) and Diplomphalus (13 sp.), 
and of Placostylus (45 sp.). There is a stray 
Papuina, and a peculiar form Pseudopartula, 
but Helix h;is almost entirely disappeared. 

Polynesian influence is represented by Micro- 
cystis (3 sp.), the so-called Patula (13 sp., 
many of which are probably Charopa), Torna- 
tellina (2 sp.), and Helicina (20 sp.). Partula 
does not reach so far south, but there are tv/n 
species of Janella. The recurrence of Mel- 
anopsis ( 1 9 sp.), absent from the whole Oriental 
region, is curious, and forms another link 
with New Zealand. The cui’ious sinistra! Lim- — Placostylus 

imea (fsidora), common with Australia and New‘"‘'caiedmaa 
JMew Zealand, is abundant. xj. 

The New Hebrides link New Caledonia and the Solomons by 
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their possession of the typical heavy Placostylus (5 sp.) of the 
former, and the lighter and more elegant Chans (2 sp.) of the 
latter. There are 4 Pajpuina^ and Partula is abundant (18 sp.), 
but there is no evidence at present that the carnivorous genera 
or the Melanopsis and Isidora of New Caledonia occur. 

The Fiji Is., by the possession of 14 Placostyhis of the Charis 


section, which is entirely absent from the adjacent Tonga group, 
form the eastern limit of the province. There appears to be 
only a single Partula, but the Polynesian element, especially as 
seen in Navicella (8 sp.), Neritina (20 sp.), Helicina (11 sp.), 
and Omphalotropis (11 sp.), is very strong. The Microcystis (9 
sp.) and Trochomorpha (14 sp.) are also of a Polynesian type. 

(2) The Australian Sub-region includes the whole of Australia 
(with the exception of the Queensland province) and Tasmania, 
with New Zealand and the off-lying islands. The fauna, from 
the prevalence of desert, is scanty, especially in genera. Land 
operculates are almost entirely wanting. Umax is not indi: 
genous, though several species have become naturalised. The 
bulk of the fresh-water species belong to Isidora, and it is doubt- 
ful whether Physa occurs at all. Unio has a few species, and 
also Vivipara, but neither Anodonta nor Ampullaria occur. 

There are a few Melania and Neritina. 

Tropical South Australia.— Mollusca are scanty and 

occur chiefly in the neighbourhood of the rivers, the soil being 

arid, with no shelter either of trees or rocks h resh-water 

species predominate, and the rich land fauna of 

totaUy wanting. There are no land operculates, 6 Hadra, 

BvlimusiS), 1 Stcnogyra. . 

West Australia.— O'fiing to the deserts which ’ 

Mollusca are very isolated, only one species eing 
with N., S., and E. Australia. The chief characteristics are 

Idparus, a form intermediate between ffehx and u J 

among the Helices, the group Rhagada. There are no si ,, . 
carnivorous snails, and only three land operculates. 


I^araprocystis 1 

Hyalinia. . 1 

Patula ... 7 

Chloritis . 2 


Land Mollusca of West Australia. 

Gonostoma . 2 Hadra . • ^ 

Trachia . . 3 Liparus . .10 

Xcrophila . 1 Pupa . . • ^ 

Rhagada . 8 Succinea . . 3 


Cyclophorus 2 
Helicina. . 1 
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111 Eastern and Southern Australia (New South Wales, 
Victoria, and South Australia) the tropical element, so abundant 
in Queensland, almost entirely disappears, the last operculate (a 
Helicina) only reaching Port Macquarie, though several species 
of Helicarion occur in the extreme south. Hadra is still abun- 
dant in New South Wales (18 sp.) and S. Australia (10 sp.), but 
becomes scarce in Victoria (2 sp.); New South Wales has also 
one Panda and two Thersites. Cystopelta is common with Tas- 
mania, and one of the Janellidae {Aneitea) with Queensland. 
The carnivorous snails are represented by Rhytida. Caryodes, a 
bulimoid group perhaps akin to Liparus, is common with 
Tasmania only. 

Tasmania. — About 80 species of land Mollusca are known, 
not more than 10 being common with Australia. No land 
operculates occur ; Endodonta and Charopa are rare, and 
Hadra has entirely disappeared, but Pupa and Succinea occur. 
Carnivorous genera are represented by Paryphanta, Rhytida y and 
Rhenea. Anoglypta is a peculiar section of HeliXy while CaryodeSy 
Cystopeltay and Helicarion are common with Australia. Among 
the fresh- water Mollusca are a Gundlachia (see p. 345), and some 
forms of Amnicola or Hydrohiay one of which {Potamopyrgus) is 
common only with New Zealand.^ 

The Neozealanian Province. — The Mollusca of New Zealand, 
with the Kermadec, Chatham, and Auckland Is., are remarkably 
isolated. Such genera as Naninay Par tula y Pupay Stenogyray 
Succineay Vaginula, Truncatellay Helicinay and Navicellay which 
might have been expected to occur, are entirely absent. The 
bulk of the land Mollusca are small and obscure forms, perhaps 
remains of a very early type, and appear to belong to the 
Zonitidae, neither Patula nor Helix occurring at all. The 
carnivorous forms are represented by Schizoglossa, a peculiar 
genus akin to Daudehardiay by Paryphantay an extraordinary 
group of large shells with a thick leathery epidermis, and by 
Rhytida and Rhenea. In spite of its extreme isolation, the 
general relations of the fauna are partly with New Caledonia, 
partly with E. Australia. The occurrence of Placostylus has 
already been mentioned (p. 323), and three species of Janellay 
a genus which also occurs in Queensland and New Caledonia, 

^ Sec especially C. Hedley, Note on the Relation of the Land Mollusca of Tasmania 
and New Zealand, Ann. Mag. Nal. Hitt. (6) xiii. p. 442. 
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indicate the same affinity. Otoconcha is peculiar. The fresh- 
water Mollusca, besides the Isidora characteristic of the sub- 
region, are partly related to New Caledonia through the occur- 
rence of Melano 2 )sis, partly to Tasmania through Potamopyrgns, 
while the peculiar Latia is possibly akin to Gundlachia (Tas- 
mania). The land operculates i:- imber only 5 genera and 14 
species in all, excluding a doubtful Diplommatina} 


Land and Fresh-water Mollusca of the Neozealanian Province 


Schizoglossa . 1 

Paryphanta . 5 

Rhytida . . 6 

Rhenea . . 2 

Helicarion . 1 

Otoconcha . 1 

Microcystis . 1 

Trochonanina 1 
Phacussa . . 3 

Thalassohelix 5 


Grerontia . . 2 

Allodiscus . 10 
Pyrrha . . 1 

Therasia . . 7 

Phenacohelix 3 
Suteria . . 1 

Flammulina . 13 
Laoma . .23 

Endodonta . 10 
Charopa . .28 


Placostylus . 1 

Carthaea . . 1 

Tornatellina . 1 

Janella . . 3 

Latia ... 2 

Ancyliis . . 2 

Limnaea . . 5 

Amphipeplea 2 
Planorbis . . 1 

Isidora . . 7 


Melanopsis . 2 

Potamopyrgus 4 
Paxillus . . 1 

Lagochilus . 7 

Omphalotropis 1 
Realia ... 4 

Hydrocena . 1 

Unio ... 9 

Spliaerium . 1 

Pisidium . . 2 


Lord Howe’s I. is remarkable as containing a Placostylus, 
which thus links the island with this province. The remainder 
of the fauna is Polynesian, with the exception of a species 
(common to the Fijis) of Parmella, a slug akin to Helicarion, 

Parmacochlea, and Cystopelta. 

(.*1) The Polynesian Sub-region includes all the island groups 
of the central and southern Pacific (except those classified in the 

Papuan and Australian sub-regions), from 
the Pelews and Carolines in the west to 
the Marquesas and Paumotus in the east, 
and from the Tonga group in the south 
to the Sandwich Is. in the north. It may 
be subdivided into (a) the I’olynesian pro- 
^ B vince proper, and (h) the Hawaiian pro- 

Pio. 216. — Characteristic vince, which includes tlie Sandwich Is, 

Polynesian Mollusca : A, 

Z: (») The general features of the Pol,- 

tula planiUibrum Pease, rjfi^sxd'fi province are very similar through- 
society Is. although the Mollusca of each island 

group are in the main peculiar. The species are mostly small 

* Hedley and Sutcr, Proc, Linn. Soc. N. S. Wains (2), vii. p. 013. Twenty-one 
species are “ introduced.’* 
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and obscure. Helix scarcely occurs, its place being taken by 
small Zonitidae {Microcystis^ Charopay Trochomorpha, etc.), and 
by groups of so-called Patula {Endodonta, Pitys, etc.), the exact 
position of which is not yet settled. Lihera, remarkable for its 
method of ovipositing (p. 128), is peculiar to the Society and 
Hervey Is. ; Partuda is almost universal, attaining its maximum 
(40 sp.) in the Society Is.; Tornatellinay Pupa, and Vertigo occur 
throughout. 

The land operculatcs consist chiefly of Omphalotropis, Pupina, 
Eealia, and Helicina. Diplommatina and Palaina are abun- 
dant on the Pelews, and a Moussonia occurs in the Samoa Is. 
Ostodes, a small form of Cyclophorus, is found in some of the 
southern groups. The fresh -water operculates are Melania, 
Neritina (including Clithon, a sub-genus furnished with spines), 
and Navicella ; there ar^ no Unionidae, while fresh -water 
Pulmonata are very scarce. 

(6) The land Mollusca of the Hawaiian province are dis- 
tinguished by the possession of four entirely peculiar genera — 
Achatinella, Leptachatina, Carelia, and Auriculella. More than 
300 of the two former genera have been described, every moun- 
tain valley of some of the islands having its own peculiar species. 
The destruction of the indigenous herbage by goats is rapidly 
extinguishing many forms. Partvla, and the small land oper- 
culates, so characteristic of the other groups, are, with the 
exception of Helicina, entirely wanting. The occurrence of one 
of the Merope group of Helix (Solomon Is.) is remarkable, and 
there is a rich development of Succinea. '' Patula',' Microcystis, 
Tornatellina, and the other small Polynesian land Pulmonata 
are well represented. The presence of Isidora, absent from the 
central Pacific groups, is remarkable, and Erinna is a peculiar 
genus belonging to the Limnaeidae. 


CHAPTER XJ 


GEOGRAPHICAL DISTRIBUTION OF LAND MOLLUSCA {continued) 

THE ETHIOPIAN, NEARCTIC, AND NEOTROPICAL REGIONS 

D. The Ethiopian Begion 

The Ethiopian region includes the whole of Africa south of the 
Great Desert, and Southern Arabia, together with the outlying 
islands, excepting those of the Atlantidean province (p. 297). 

Kegarded as a whole, the Ethiopian is poorest in land Mollusca 
of all the tropical regions. And yet its characteristics are very 
remarkable. The entire A-chatiTUi group is peculiar, and takes, 
especially in W. Africa, some curious forms {ColumiM, Perideris, 
Pseudachatinci). Carnivorous Mollusca {Ennea, Gtbbus, etc.) are 
highly developed, especially in the south and east, the largest 
known helicoid form {Aerope) being from Natal. In the posses- 
sion of these types of the Agnatha, Africa is more closely related 
to the Australasian than to the Oriental region. The true Cyclo- 
stoma are entirely peculiar to the region, but are absent from 

. West Africa. , . 

Fresh-water Mollusca are abundant and characteristic, especi- 

aUy in and near the Great Lakes. Lanistes, Cleopatra, and 

Meladomus, among the operculates, together with Mutela and 

Aetheria (Unionidae), Galatea and Fischer ia (Cyrenidae), are 

peculiar. . 

In its negative, as well as its positive features, the Ethiopian 

region is markedly isolated. Helicidae and Naninidae are equa^ y 
deficient, the former, indeed, attaining some numerical predomin- 
ance in the extreme south, but the species are nearly all insigni 
cant in size and colouring. It is only in ‘Madaga^ar t lat 
Helix asserts itself. Arion, LimaXy Hydlinia, ClOeUsUid, an a 
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number of other genera abundant along the Mediterranean, are 
either altogether absent, or are very scantily represented. Land 
operculates, so characteristic of other tropical countries, are almost 
entirely wanting. If we disregard the Malagasy sub-region, there 
are scarcely forty species of land operculates on the whole 
African continent. 

The Ethiopian region may be divided into three sub-regions : 
(1) the Central African; (2) the South African; (3) the 
Malagasy. 

(1) The Central African Sub-region is bounded on the north 
by the Great Desert, on the east and west by the ocean, and on 
the south by a line roughly drawn between the mouth of the 
Orange Eiver and Delagoa Bay ; it also includes S. Arabia. No 
natural features exist which tend to break up this vast district 
into areas of independent zoological development. The absence of 
long and lofty mountain ranges, the enormous size of the great 
river basins, and the general uniformity of climate, equalise the 
conditions of life throughout. It will be convenient to break 
the sub-region up into provinces, but in most cases no precise 
line of demarcation can be laid down. 

(a) The Senegambian Province may be regarded as extending 
from the mouth of the Senegal Eiver to Cape Palmas. Only 8 
genera of land Mollusca are known, including 4 Limicolaria and 
3 Thapsia, with 1 small Cyclophoi'us. Fresh- water genera are 
abundant, and include most of the characteristic Ethiopian forms. 

(b) The West African Province extends from Cape Palmas to 
the mouth of the Congo, and is rich in Mollusca. The great 
Achatina, largest of land snails, whose shell sometimes attains a 
length of 6^ in., Limicolaria, Perideris, and Pseudacliatina are 
the characteristic forms. Tiie x4gnatha are represented by Ennea, 
Streptaxis, and Streptostele. Pachis and Paxlinodus, subgenera 
of BuliminuSy occur also on the east coast. A special feature is 
the development of several peculiar slug- like genera, e.g. Oopelta, 
perhaps a form of Arion ; Estria, a slug with an external shell, 
akin to Parmacella ; and Aspidelus, a form intermediate be- 
tween Helicarion and Limax, Claviger, a handsome group 

akin to Cerithium, is peculiar to the estuaries of West African 
rivers. 

About sixteen species are known from the Cameroons District, 
but no peculiar genera occur. The French Congo District has 
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not yet been well explored. Tomostehy a genus allied to 
Stre 2 )tostel€y is peculiar, and PseAidachatina attains its maximum. 

St. Thomas and Princes /s., in the Gulf of 
Guinea, are well known. Princes I. has 22 
species, 14 peculiar, and 2 common to St. Thomas 
only, one of the latter being the great sinistral 
Achatina hicarinata Chem. The remarkable 
genus Columna (Fig. 217) is peculiar, and 
Sfreptostele (4 sp.) attains its maximum. Peculiar 
to St. Thomas are Pyrijimiy a turreted form of 
Sienofiyra ; ThyrophorelUiy a sinistral form of 
Zonites ; and AtopocochliSy a large bulimoid 
shell, whose true relationships are not yet known. 
JfomoruSy a group of Achatina with an elongated 
s])ire, occurring also in the Angola District and 
on the e^ist coast, has 4 species. No fresh-water 
.—CoJumna species have as yet been discovered in either of 

‘I'' “■'‘■'•I-' 

The Angola and Bengucla Districty extend- 
ing from the Congo to the Cunene E., probably belongs to the 
West African Sub-region, but until its fauna is better known 
it is advisable to consider it apart. Achatina continues 
abundant, but the other characteristic West African forms 
{^Pscudcvchatina„ StrejytostelCy Perideris) diminish or are absent 
altogether. No Helix and only 1 Cyclophorvs occur. 

OvampOy Damaray and Great Namaqualandy lying between 
the Cumene and Orange rivers, seem to form a transition 
district between the West and South African faunas. Helix 
reappears, while the characteristic West African genera are 
almost entirely wanting. 

(^) The East African Province extends from about Delagoa 
Pay to the Abyssinian shores of the Red Sea. In general out- 
line the province consists of a flat marshy district, extending 
inland for many miles from the sea ; this is succeeded by rising 
ground, which eventually becomes a high table- land, often 
desolate and arid, whose line of slope lies parallel to the trend of 
the coast. The Mollusca are little known, and have only lieen 
studied in isolated districts, usually from the discoveries of 
exploring exyieditions. 

The Mozambique Districty from Delagoa Pay to Delgat o, 
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includes no genus which does not occur on the west coast, except 
Cyclostoma (2 sp.) Trochonanina (4 sp.), Urocyclus, a character- 
istic African slug (2 sp.), Rachis (6 sp.), Pachnodus (2 sp.), and 
Achatina (5 sp.), are the principal groups. 

Fig. 218 . — Urocychis comorensis 
Fisch., Comoro Is. : Q, Gen- 
erative orifice ; M, mucus 
gland ; 0, orifice leading to 
internal shell ; P, pulmonary 
orifice ; T, tentacles. (After 
Fischer. ) 



The Zanzibar District, from Cape Delgado to the Somali 
country, has the same general features. Meladomus, a large 
sinistral Ampullaria, is characteristic, while Cyclostoma (5 sp.) 
becomes more abundant. Helix is still absent, but the carnivor- 
ous forms {Streptaxis 2 sp., Ennea 7 sp.) are rather numerous. 

The Somali District is characterised by operculate groups of 
the Otopoma type (Georgia, Rochebrunia, Revoilia) whose generic 
value is rather doubtful. Petraeus, in an Arabian type, sup- 
plants Rachis and Pachnodus. Achatina is nearly wanting, 
but Limicolaria has 9 species. A few Helix, said to be of the 
Pisana group, occur. 

The District between the Great Lakes and the coast region is 
fairly well known through recent explorations, especially those 
associated with Emin Pasha. Streptaxis (6 sp.) and Ennea 
(24 sp.) are numerous, Helix is wanting, and the Naninidae 
are represented by Trochonanina (7 sp.), and other forms at 
present grouped under Nanina or Hyalinia. On the high ground 
Buliminus, Cerastus, and Hapalus replace, to some extent, the 
Achatina and Limicolaria of the marshy plains. Land oper- 
(Cyclophorus 1, Cyclostoma 8) are more numerous; among 
fresh-water genera we have Lanistes (5 sp.), Cleopatra (3 sp.), 
Meladomus (1 sp.), and Leroya, a sinistral form with the facies 
of a Littorina. The characteristic African bivalves (Mutela, 
Spatha, etc.), are few in number. 

(d) Province of the Great Lakes. — The Mollusca of the four 
great lakes of Eastern Central Africa — Lakes Albert Nyanza 
(Luta Nzige, 2720 ft.), Victoria Nyanza (Ouker4w(3, 3700 ft.), 
Nyassa (1520 ft.), and Tanganyika (2800 ft.)— are well known] 
and supply an interesting problem in distribution. Those of the 
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three first mentioned lakes differ in no way from the rest of 
tropical Africa, but the Mollusca of Tanganyika include, in 
addition to the ordinary African element, a number of peculiar 
operculate genera, belonging principally to the Melaniidae and 
Hydrobiidae. Several of these possess a solidity of form and com- 
pactness of structure which is unusual in fresh-water genera, and 
has led to the belief, among some authorities, that they are the 
direct descendants of marine species, and that Tanganyika repre- 
sents an ancient marine area. This view appears untenable. 
The Victoria Nyanza and Nyassa are part of the same system as 
Tanganyika, and it is not easy to see how, if Tanganyika were 
once an arm of the sea, they were not equally so, especially as 
they are several hundred miles nearer the Indian Ocean as at 
present defined. Nor, as will be seen from the figures given 
above, is there anything in the altitudes which would make us 
expect anything exceptional in Tanganyika. The similar case of L. 
Baikal must be compared (p. 290), where again a number of 
specialised forms of Hydrobia occur. 

Of the genera concerned, Paramelania and Ndssopsis are 
forms of Melaniidae; TiphoUa (Fig. 219), which is allied to 
Paludomus, is a compact shell with angulated spinose whorls; 
Lacunopsis, Ponsonhya, Limnotrochus, and Tanganyicia are prob- 
ably forms of Lithoglyphvs, some, as their names denote, being 
of decidedly marine facies ; Syrnolopsis and Turbonilla (?) look 
like Pyramidellidae, Horea and Reymondia like Rissoina ; Bout- 
guignatia appears to belong to Vivipara, with which has now 
been merged the genus Neothauma. Kecently discovered forms 
from the adjacent L. Mweru are evidently of kindred origin. 

(e) The Afro-Arabian Province includes Abyssinia, with S. 
Arabia, the African shores of the Gulf of Aden, and Socotra. 
The province contains a singular mixture of types. The high 
ground of Abyssinia stands like a lofty European island in the 
midst of a tropical plain, with Palaearctic genera flourishing like 
hardy northern plants on a mountain in low latitudes. Helix, 
Vitrina, and Pupa abound, with a few Clausilia and even a 
Liviax, On the lower levels occur Limicolaria (3 sp.), Suhulina 
(7 sp.), Helicarion, and Homorus, but land operculates are entirely 
wanting. Characteristic of the province as a whole are various 
forms of Buliminus, which in Socotra are represented by two 
peculiar sub-genera, Achatinelloides and Passamaiella. In S. 
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Arabia the mixture of types produces curious results : the. Helix, 
Clausilia, and Vitrim being Palaeiirctic, the Limicolaria and 
all the operculates Etliiopian, while the single Trochomorpha 
is Indian. Indian influence, indeed, comes out unmistakably 


Fig. 219. — TipMia lln^rei E. A. Smith, 

L. Tanganyika. 


Fio. 220. — Mollusca charac- 
teristic of L. Tanganyika: A, 
Nassopsis nassa Woodw. ; 

B, Spekia zonata^ Woodw. ; 

C, Syrnolopsis lacustris E. 
A. Smith. 


throughout tlie province. Thus in Socotra there aie two Cyclo- 
topsiSy in Abyssinia two Africarion (closely related to the Indian 
Girasia)y two MicrocystiSy and a Glcssiday and in the Scioa dis- 
trict there is a Sitcilci. The fresh-water Mollusca oi Socotia aie 

Indian forms. 

(2) The South African Sub-region. — The principal charac- 
teristic of the Mollusca of S. Alricii is 
the occurrence of numerous small species 
of Helicidae, belonging chietiy to the 
groups Pelldy PkctsiSy Porcasidy and 
Sculptaridy all of which are practicidly 
peculiar. Carnivorous genera are also 
prominent, Ennext liere attaining its 
maximum, lihytida (to which several 
species still regarded as J^ella belong) is 
common only to the S. Pacific and Aus- 
tralasia, and forms, with Isidora among 
the fresh-water pulnionates, a remarkable 
link of connexion. AeropCy the largest 

of all helicoid carnivorous genera, and 

, , , • 1 -xi Y\g. 22\.—Ac1intina zxhra 

Cklamydephoru.^y carnivorous slug with um. , s. Africa, xj. 

an internal shell, are peculiar. Ackatim 

is still abundant, but Limicolaria is wanting. Livinhaceay a 
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form with a continuous peristome, perhaps akin to Bviimus; 

Apera, a form ot slug ; and Codiaxis, a genus perhaps akin to 

the Papuan and Queensland Perrieria, are all peculiar. The 

land operculates, which are not numerous, are of the East 
African type. 


Land Mollusca of the S, African Sub-region. 


Chlamyclephorus 

1 

Vitrina . 

. 7 

Helix (inc.8ed.) 4 

Stenogyra . 

4 

Ennea . . . 

31 

Nanina . 

. 6 

Rachi8 . . 

• 1 

Coeliaxi8 . 

1 

Aerope . . . 

5 

Conulus . 

. 2 

Pacbnodu8 . 

3 

Succinea . 

3 

Rhytida . . . 

3 

Patula 

. 2 

Buliminii8 (?) 

4 

Vaginula . 

2 

Helicarion . 

3 

Pella . . 

. 44 

Pupa . . . 

20 

Cyclophorus 

1 

irochonanina . 

1 

Dorcasia . 

. 8 

V ertigo . . 

2 

Cyclostonia 

7 

Trochozonites . 

1 

Pb asis 

. 1 

Achatina . . 

18 

Cyclotiis (?) 

1 

Limax . . 

1 

Sculptaria 

. 2 

Livinbacea . 

1 

Blanfordia . 

1 

Apera . . . 

1 








St. Helena . — The Molluscan fauna of St. Helena is perhaps 
the most puzzling, as regards its geographical aflBnities, of any in 
the world. It consists of 29 peculiar species of land Mollusca 
(fresh-water species being unknown), 19 of which are recently 
extinct, partly owing to the destruction of the forest, but are 
found in considerable abundance in a state of good preservation.^ 
The genera are — 

Hyalinia 1 Bulimulus 7 (5 extinct) Pupa . 2 (extinct) 

Patula . 4 (3 extinct) Pachyotus 1 (extinct) Succinea 3 

Endodonta 10 (7 extinct) Tomigeru8(?) 1 (extinct) 

The 5 genera which concentrate our attention are Patula, 
Endodonta, Pachyotus (Fig. 222), Tomigerus, and Bulimulus, all 
of which appear utterly strange to an oceanic island in the middle 
of the S. Atlantic. Patula and EnfJA)donta are essentially Poly- 
nesian forms, occurring abundantly on all the island groups in 
the Central Pacific. Pachyotus, Tomigerus (assuming its correct 
identification), and Bulimulus are all S. American forms, the two 
former being especially characteristic of Brazil. How this mix- 
ture of genera now confined to regions so widely distant, not only 
from St. Helena itself, but from one another, became associated 
here, is a problem obviously not easy of solution. The fauna 
is probably a remnant of a very ancient type, possibly at one 

* Nine species have been introduced ; 6 from Europe, 2 from the West Indies, 1 
from the Western Isles. 
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time much more widely distributed. Endodonta (an essentially 
insular form, like Omphalotropis) actually occurs on Fernando 
Noronha, off the Brazil coast, and we shall see how an Indian 
and even a Polynesian element is present off the eastern coasts 
of Africa. 

Ascension I. — One indigenous species, a so-called Limax, is all 
that has ever been discovered. 

(3) The Malagasy Sub-region includes Madagascar with its 
attendant satellites Bourbon, Mauritius, and Kodriguez, and the 
Seychelles and Comoro groups. No land Mollusca are known 
from the Amirantes, the Chagos, or from Aldabra. The special 
characteristics of the sub-region are the great development of the 
carnivorous land Mollusca (Enneay Gibbus), the occurrence of a 
considerable number of true Helicidae of great size and beauty, 
and the prominence of the genus Cyclostoma. 

(a) The Madagascan Province. — The land Mollusca of Mada- 
gascar, although as yet imperfectly known, possess a striking 
individuality. Two of the chief characteristics of the Ethiopian 
region are the paucity of its land operculate and of its Helix 
fauna ; Madagascar is especially distinguished by the rich develop- 
ment of both these groups. For size, colouring, and beauty of 
shape, the Helicidae of the two subgenera Ampelita and Helico- 
'phanta rival, if they do not surpass, any in the world. They 
are quite peculiar to this sub-region, not a trace of them occur- 
ring on the Mascarenes, Seychelles, or even on the Comoros. 
Helicophanta is distinguished by the enormous size of its embry- 
onic shell, which persists in the adult (Fig. 223), and in this 
respect the group appears to be related to Acavus (Ceylon, Fig. 
204) and Panda (N.E. Australia). As is usual when Helix is 
well developed, Nanina (about 12 sp.) is proportionately scanty. 

The African Bulimini {Pachnodus and Rachis) are repre- 
sented by two species, but Achatinay so abundant on the main- 
land, is scarce. Two other groups of BuliminuSy Leucotaenia 
and Clavatovy are peculiar. The presence of a single Kaliellay 
specifically identical with a common Indian form, is very 
remarkable. 

Cyclostoma proper, of which Madagascar is the metropolis, 
is richly developed (54 sp.). Many of the species are of great 
size and of striking beauty of ornamentation. Unlike its Heli- 
cidae, this genus is not restricted to Madagascar ; several species 
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occur on the inainltiiK 
and 1 G in Mauritius, 
are peculiar. 

Tlie fresh -water 


1, 6 on the Comoros, one on the Seychelles, 
The sub-genera Acroj)tychia and Hainesia 

Molliisai of Madagascar contain further 



Fig. 222. — Pachyotus auris 
vulpina Desli., St. Hekua 
(aub-fossil). 



Fig. 223. — Helix (Helirophonfa) 
SoHverbiaiia Fiscli., Mada- 
gasoar, allowing embryonic 
shell, X §. 


traces of Indian relationshii). Tlius vve find two species of 

]^aJ udontus, a genus whose metropolis is Ceylon, India, and 

fhirther India, and which is barely represented on the Seyclielles 

and in the Somali district. Mdanatria, which is peculiar to 

Aladagasciar, has its nearest affinities in the Cingalese and East 

Indian faunas. Several of the Melania and the two Bithynia 

are of a type entirely wanting in Africa, 

but common in the Indo-Malay sub- 

re^^ion. Xot a siimle one of the char- 

acteristic Afrioui fresh -water bivalves 

{Miitela, Spatha,, Aetheria, Galatea ^ etc.) 

has been found in Madagascar. On 

the other hand, certain African Gaster- 

Fig. 224. — CyclostoTTW. campanu- opoda, such as Cleopatra and ' Isidora, 
icUum Pfr., Madagascar. occur, indicating, in common with the 

land Mollusca, that an ultimate land connexion with Africa must 
have taken place, but at an immeasurably remote j^riod. 
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Land and Fresh-water Mollusca of Madagascar. 


Ennea ... 9 

Leucotaen 

ia. 2 

Melania . 

7 

Cyclostoma 

. 54 

Urocyclus . . 2 

Clavator . 

. 2 

Melanatria . 

4 

Otopoma . 

. 5 

Helicarion (?) . 1 

Achatina . 

. 3 

Paludomus . 

2 

Lithidion . 

1 

Macrocyclis (?) 1 

Opeas . . 

2 

Vi vi para . . 

1 

Acroptychia 

. 3 

Kaliella . . 1 

Subulina . 

. 3 

Bitliynia. 

2 

Hainesia . 

. 3 

Nanina(inc.sed.) 9 

Vaginula . 

4 

Cleopatra 

2 

Unio . . 

1 

Anipelita . .35 

Limnaea . 

. 2 

Ampullariu . 

6 

Corbicula . 

. 2 

Helicophanta . 17 

Planorbis 

. 3 

Cyclophorus 

2 

Sphaerium 

. 1 

Pachnodus . 2 

Rachis ... 2 

Isidora . 

. 3 

Cyclotus (?) . 

1 

Pisidium . 

1 

The Comoro 

Islands — 

-This 

isolated group 

possesses about 


100 species, almost all of which are peculiar. The principal 
feature is the rich development of Ennea (30 sp.) On the whole 
the group shows more relationship to Madagascar than to the 
mainland. Thus we have six species of true Cyclostoma, and 
only one Achatina, while among the fresh -water genera is 
Septaria, which is characteristic of the whole Malagasy Sub- 
region, but is absent from the mainland. The Helicidae are all 

of insignificant size. Peculiar to the group is the remarkable 
genus Cyclosurus (Fig. 152, p. 247). 

(6) The Mascarene Province (Mauritius, Bourbon, Kodriguez, 
and the Seychelles). — The percentage of peculiar species, which 
is very high, ^n only be paralleled in the case of some of the 
West Indian islands, and sufficiently attests the extreme isola- 
tion of the group from Madagascar. We have 


Mauritius . 

Total sp, 

. 113 

Land sp. 

104 

Fresh-water 

sp. 

9 

Peculiar. 

78 

Bourbon 

. 45 

40 

5 

19 

Rodriguez . 

. 23 

19 

4 

15 

Seychelles . 

. 34 

27 

7 

24 


Peculiar to 
group. 

102 (90 p.C.) 
38 (84 p.C.) 
21 (95 p.C.) 
30 (90 p.C.) 


• The Mollusca of the group exhibit three distinct elements, 

the Indigenous, the Madagascan, and the Indian and Austra- 
lasian. 


The genus Pachystyla (Naninidae) is quite peculiar, forming 
the main portion of the land snails proper. It attains its maxi- 
mum in Mauritius (17 sp.), with 5 sp. in Bourbon and one 
sub-fossil sp. in Rodriguez, while in the SeycheUes it is absent 
But the principal feature of the Mascarene group is the extra- 
ordinary development of the carnivorous genus Gihlus, which has 

VOL. Ill 
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27 s]). ill Mauritius, 8 in Bourbon, 4 in Rodriguez; in the 
Seyclielles it is replaced by Edentulina and Streptostele. The 

principal link with Madagascar is 
found in a part of the operculate 
land fauna. Cyelostoma is present 
(with Otopoma) in several fine 
liviii" forms, and the number of 
sub-fossil species is a clear indi- 
cation that this group was, not 
loirn auo, much more abundant, 

O O' 

for of the 16 Cyclostoma known 
from Mauritius 10 are sub-fossil. 

Fio. 225. — Cliaracteristic Mauritian ouerculates fomi a decided 

land shells : A, (HhhxtH pcdanga Fer. ; ^ ^ i i i r 4 .\ 

A\ young of same ; B, Gibbus lyonc- ft'clturG of tll6 Icllicl icllUlcl ^ til US 

iianos Pall. Mauritius there are 32 species, 

or more than 28 per cent of the whole. 

Indian and Australasian affinities are unmistakably present. 
Thus OmphalotropiSy a genus characteristic of small islands, is 
profusely represented, but it does not occur in Madagascar or 
Africa. Two Helicina (Mauritius and Seychelles) and a single 
Leptopoma (possibly a Leptopomoides) are also of eastern relation- 
ship. CyrAotopsis, Cyathopoma, and Geostilhia are markedly 
Indian genera. Micr ocystiSy Fatulay iim\ 'Fornatellina arelol}- 
nesian. Hyalimax — and this is a very striking fact occurs 
nowhere else but in the Andamans and Nicobars, and on the 
Araciin coast. Tlie neiirest relation to the Seychelles Mariaella 
appears to be the Cingalese Tennentia. Not a single repre- 
sentative of these eleven genera has been found even in Mada 

gascar. 

The fresh -water Mollusca (omitting the Neritidae) are; 
Mauritius 9 specie.s, Bourbon 5, Rodriguez 4, Seychelles 6, wit i 
only 15 species in all. The one Planorbis and the iiipara,^ 
the Paludomus and two of the Melania are of Indian types_ J- 
Lantzia (peculiar to Bourbon) is probably allied to the In lan 
Camptonyx. Owing to the paucity of permanent stream.., 
fresh-water bivalves occur. Among tlie Neritidae is a sing - 

Septaria, a genus which, though occurring in 
entirely strange to Africa, and is abundant in the Orienta 

Australasian regions. . 

It would seem proliable that when the clo.ser coiiiiexioii 
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at one time undoubtedly existed between India and Eastern 
Africa began to be less continuous,' the Mascarene group was 
first severed from what ultimately became Madagascar, while the 
Seychelles, and perhaps the Comoros, stUl continued united to it. 
The Comoros, which lack the great Helices, separated off from 
Madagascar first, while the Seychelles continued in more or less 
direct union with that island suflficiently long to receive the pro- 
genitors of Stylodonta (a peculiar group of Helix), but became 
disunited at an exceedingly remote period. 


E. The Nearctic Region 


The southern boundai-y of this region may be regarded as 
roughly corresponding to that of the United States, i.e. Lower 
California and Mexico are excluded. The southern portion of 
Ilorida belongs to the Antillean sub-region. 

The principal characteristic of the Nearctic Region is the 
remarkable poverty of its land Mollusca. No district in the 
world of eq^ual extent is so poor in genera, while those which 
occur are generally of small size, with scarcely anything re- 
markable either in colouring or form. The elongated laud shells 
(^Oldusilitt, ^uliTTiinus), so characteristic of Europe, are entirely 
wanting, but a few Bulimuliis, of Neotropical origin, penetrate 
Texas, and from the same sources come a few species of Glandina 
(as far north as S. Carolina), Holospira (Texas), and Helieina. 

The region falls into two well-marked sub-regions, the N. 

American and the Californian, with the Rocky Mountain district 

as a sort of debatable ground between them. The Californian 

sub-region consists of the narrow strip of country between the 

Sierra Nevada, the Cascade Mountains and the coast-line, from 

San Diego to Alaska ; the N. American sub-region consists of the 
remainder of the region. 

(1) The N. American Sub-region. — The carnivorous genera 
are represented solely by the few Glandina mentioned above, 
and by the indigenous genus Selenites, a form mid -way between 
Testaxella and Limax, whose metropolis is on the Pacific slope. 


and M J ^ communication between India 

and Madagascar, across the Indian Ocean, ever existed. A series of great islands. 

whose remains are attested by the Chagos and other banks, would be quite suffident 
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but which spreads eastward into the Antilles. Among the 
Liinacidae, Zimax is common to both sub-regions, but Tebenno- 
2)horus (4 sp., 3 of which belong to the genus Pcdlifera), a 
genus found also in China and Siam, and Vitviyiozonites do not 
occur in the Californian. Hycdinia (^Zonites) is fairly abundant, 
especially in tlie groups Mesomphix and Gastrodonta (peculiar 
to this sul)-region), and Ilyalinia proper. Patula is well re- 
presented. The Helicidae belong principally to the groups 
MesodoUy Stcnotrema, Triodopsis, Polyyyra, and Strohila, only 6 
of which, out of a total of 84, reach the Pacific slope. Ixind 
operculates are conspicuous for their almost complete absence 
(see Map, frontispiece). 

The poverty of the land fauna is atoned for by the extra- 
ordinary abundance and variety of the fresh-water genera. A 
family of operculates, the Pleiiroceridae, with 10 genera and 




Fra. 226. — Characteristic 
North Americau Mol- 
lusca. A, Helix {Me- 
sodon) palliata Say, 
Ohio. B, Helix {Pi^y- 
gyro) cereohis MUlilf., 
Texas. C, Patula al~ 
temata Say, Tennessee. 


about 450 species, is quite peculiar, a few stragglers only reach- 
ing Central America and the Antilles. The nucleus of their 
distribution is the Upper Tennessee Kiver with its branches, and 
the Coosa River. They appear to dislike the neighbourhood of 
the sea, and are never found numerously within 100 miles 
of it. They adhere to stones in rapid water, and differ from the 
Melaniidae of the Old World and of S. America in the absence 
of a fringe to the mantle and in being oviparous. They do not 
occur north of the St. Lawrence River, or north of U.S. 
territory in the west, or in New England. Three-quarters of 
all the known species inhabit the rough square formed by the 
Tennessee River, the Mississippi, the Chattahoochee River, and 
the Gulf of Mexico. The Mississippi is a formidable barrier to 
their extension, and a whole section {Trypanostoma, with the 
four genera lo, Pleurocera, Anyitrerruiy and Lithasia) does not 
occur west of that river. The Viviparidae are also very largely 
developed, the genera MelanthOy LioplctXy and T'ldotoma being 
peculiar. The Pulinonata are also abundant, while the richness 
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of the Unionidae may \je gathered from the fact that Wetherby 
states^ that in 1874 no less than 832 species in all had been 
described. 

The entire Mississippi basin is inhabited by a common 
assemblage of Unionidae, and a considerable number of the 
species are distributed over the whole of this area, Texas, and 
parts of E. Mexico. Some species have spread out of tliis area 
into Michigan, Canada, the Red River, and Hudson's Bay district, 
and even into streams in New York which drain into the 
Atlantic. An entirely different set of forms occupy the great 
majority of the rivers falling into the Atlantic, the Appalachian 
Mountains acting as an effective barrier between the two groups 
of species, which appear to mingle below the southern end of the 
range. In many cases Unionidae seem to have no difliculty in 
migrating from river to river, if the distance is not extreme ; 
they probably are carried across overflowed districts in time of 
flood.‘^ 

(2) The Californian Sub-region is markedly distinct from 
the rest of N. America. The characteristic sombre Helices 
of the Eastern States are almost entirely 
wanting, and are replaced by Arionta (20 
sp.), a larger and more varied group, which 
may have some affinity to Chinese forms. 

Glyptostoma (1 sp.) is also peculiar. Sele- 
nitf*8 here has its metropolis, and Pristiloma 
is a remarkable group of small Hycdinia 
{Zoniie.s)^ but the larger forms of the Eastern 
States are wanting. Several remarkable « rr,. / . 

, , 1 * r r* 1 Fig. 227. Helix 

and quite peculiar forms of slug occur, onta) jiddis Gray, 

namely, Ariolimax (whose nearest relation is Oregon. 

Avion), Prophysaon, Hemphilliay and Binneya. There are no 
land operculates. 

Not more than 15 to 20 species of the Pleuroceridae (sect. 
Goyiiohasis) occur west of the Rocky Mountains, and only a single 
UniOy 5 Anodonta, and 1 Margaritana, which is common to 
New England. ' Pompholyx is a very remarkable ultra-dextral 
form of Limnaea, apparently akin to the Choanomphalns of 



Joum. Ciiic. Soc. N(U. Hist. iii. p. 317. Tlie number is doubtless susceptible 
of very considerable reduction, say by oue-half at least. 

*•* Simpson, Ainer, NaL xxvii. 1893, p. 354. 


f 


p 



L. Baikal. Bithynia, absent from the Eastern States, is repre- 
sented by two species. The general indications are in favour of 
the Californian fauna having migrated from an Old World source 
after the upheaval of the Sierras; the American fauna, on the 

other hand, is purely indigenous, with no recent Old World 
influence at all. 


Land Mollusca of the Nearctic Region 


Glandina . 

4 

Pristiloma . 

2 

Praticola . 2 

Strobila . . 

2 

Selenites . . 

6 

Tebennophorus 4 

Glyptostoma 1 

Pupa . . . 

18 

Li max . 

4 

Ariolimax . 

6 

Mesodon . 27 

Vertigo . 

8 

Vitrina 

4 

Prophysaon . 

2 

Stenotrema . 11 

Holospira 

2 

Vitrinozonites 

1 

Hemphillia . 

1 

Triodopsis . 21 

Cionella . . 

1 

Mesoraphix . 

15 

Binneya . 

1 

Polygyra . 23 

Bulinnilus 

6 

Hyalinia . 

22 

Patula 

18 

Polygyrella . 2 

Macroceramus 

1 

Con ulus 

1 

Punctum 

2 

Gonostoma . 1 

Succinea . . 

21 

Qastrodonta . 

9 

Arionta . 

20 

Yallonia . . 1 

Vaginulus . . 

1 


Helicina . . 2 


F. The Neotropical Region 

The land Mollusca of the Neotropical Eegion stand in com- 
plete contrast to those of the Nearctic. Instead of being scanty, 
they are exceedingly abundant; instead of being small and 
obscure, they are among the largest in size, most brilliant in 
colour, and most singular in shape that are known to exist. At 
the same time they are, as a whole, isolated in type, and exhibit 
but little relation with the Mollusca of any other region. 

The most marked feature is the predominance of the peculiar 
genera Bvlimus and Bvlimvlus, the centre of whose develop- 
ment appears to lie in Peru, Ecuador, and Bolivia, but which 
diminish, both in numbers and variety of form, in the eastern 
portion of the region. In the forests of Central America, 
Venezuela, and Ecuador, and, to a lesser degree, in those of Peru 
and Brazil, occurs the genus Orthalicvs, whose tree -climbing 
habits recall the Gochlostyla of the Philippinea These thr^ 
groups of bulimoid forms constitute, as far as the mainland is 
concerned, the preponderating mass of the land Mollusca. Hehx 
proper is most strongly developed in the Greater Antilles, which 
possess several peculiar groups of great beauty. In Central 
America Helix is comparatively but in the northern 

portions of the continent several fine genera {LabyTinthus, 
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Isomeria, Solaropsis) occur, which disappear altogether towards 
the south. 

Carnivorous land Mollusca are, so far as Central America is 
concerned, more highly developed than in any other quarter of 
the world, particularly in the genera Glandina and Streptostyla. 
These genera also penetrate the northern portions of the con- 
tinent, Glandina reaching as far as Ecuador, and Streptostyla as 
far as Peru. The Greater Antilles have also characteristic forms 
of these genera. Streptaxis is tolerably abundant all over 
tropical South America, and is the one pulmonate genus which 
shows any affinity with the African fauna. 

The slugs are exceedingly scarce. Vaginula occurs through- 
out, and is the only genus in any sense characteristic. 

Clausiiia, in the sub-genus Nenia, occurs along the Andean 
chain from tlie extreme north (but 
not in Central America) as far south 
as Bolivia. It has in all probability 

made its wav into S. America in 

% 

exceedingly remote ages from its head- 
quarters in Eastern Asia. No species 
survives in N. America, and a single 
straggler is found in Porto Kico. The „ 

/-Y T* 7 17 1 Fig. 228 . — IIumalonyxunguisY^T., 

genera Mdcroceramus, CyiindreUa, and Demerara. sh, Shell (shown 

Strophia, are characteristic West also separate); pulmor,^y 

f , orifice. 

Indian forms, which are only slightly 

represented on the mainland, ffomcdonyx, a curious form akin 
to Succinea, is peculiar to the region. 

Land operculates attain a most extraordinary development in 
the Greater Antilles, and constitute, in some cases, nearly one- 
half of the whole Molluscan fauna. Several groups of the 
Cyclostoraatidae find their headquarters here, and some spread 
no farther. On the mainland this prominence does not continue. 
West Indian influence is felt in Central America and on the 
northern coast district, and some Antillean genera make their 
way as far as Ecuador. The whole group entirely disappears in 
Chili and Argentina, becoming scarce even in Brazil. 

Among the fresh-water operculates, Ampullaria is abundant, 
and widely distributed. Vivipara, so characteristic of N. 
America, is entirely absent. Chilina, a remarkable fresh-water 
pulmonate, akin to Limnaea, is peculiar to Chili, Patagonia, and 
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Southeru Brazil, but is not found in the tropical portion of the 

wntinent. Of the fresh-water Pelecypoda Mycetopus, Hyria, 

Castalia, Leila, and Miilleria are peculiar forms, alfin to the 
Unionidae. 

(1) The Antillean Sub-region surpasses all other districts in 
the world in respect of (1) extraordinary abundance of species, 
(2) sharp definition of limits as a whole, (3) extreme localisation 
of the fauna of tlie separate islands. The sub-region includes the 
whole of the half-circle of islands from the Bahamas to Grenada, 
togeUier with the extreme southern end of the peninsula of 
Florida, which was once, no doubt, a number of small islands like 
the Bahamas. Trinidad, and probably Tobago, although contain- 
ing an Antillean element, belong to the mainland of S. America, 
from which they are only separated by very shallow water. 

The sub-region appears to fall into four provinces : — 

(a) Cuba, the Bahamas, and S. Florida; (V) Jamaica; (c) 
Dom in^o (Haiti), Porto Kico, and the Virgin Is., with the 
Anguilla and St. Bartholomew group ; (d) the islands from 
Guadeloupe to Grenada. The first three provinces contain the 
m^s of the characteristic Antillean fauna, the primary feature 
being the extraordinary development of the land operculates, 
which here reaches a point unsurpassed in any other quarter 
of the globe. The relative numbers are as follow : — 




Cuba. 

Jamaica. 

San Domingo. Porto Rico. 

Inoperculate 

• 

362 

221 

152 

75 

Operculate . 

• 

252 

242 

100 

23 


It appears, then, that the proportion of operculate to inoper- 
culate species, while very high in Cuba (about 41 per cent of the 
whole), reaches its maximum in Jamaica (where the operculates 
are actually in a majority), begins to decline in San Domingo 
(about 40 per cent), and continues to do so in Porto Kico, where 
they are not more than 24 per cent of the whole. These oper- 
culates almost all belong to the families Cyclostomatidae and 
Helicinidae, only two genera (^Aperostoma and Megcdomctstoma) 
belonging to the Cyclophorus group. Comparatively few genera 
are absolutely peculiar to the islands, one or two species of most 
of them occurring in Central or S. America, but of the several 
hundreds of operculate species which occur on the islands, not 
two score are common to the mainland. 


I 
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Ths n6xt spccifll fcjit-urB of the sulj-rogion is u romurlcfiblB 

development of peculiar sub-genera of Helix. In this respect 

the Antilles present a striking contrast to both Central and S. 

America, where the prime featuie of the land Pulmonata is the 

profusion of Bulimus and Bulimulus, and Helix is relatively 

obscured. No less than 14 sub-genera of Helix, some of which 

contain species of almost unique beauty and size, are quite 

peculiar to the Greater Antilles, and some are peculiar to in- 
dividual islands. 

Here, too, is the metropolis of Cylindrdla (of which there are 
130 species in Cuba alone), a genus which just reaches S. America, 
and has a few species along the eastern sea-board of the Gulf of 
Mexico. Macroceramus and Strophia are quite peculiar; the 
former, a genus allied to Cylindrella, which attains its maximum 
in Cuba and San Domingo, is scarcely represented in Jamaica 
and disappears south of Anguilla ; the latter, a singular form’ 
resembling a large Pupa in shape, which also attains its maxi- 
mum in Cuba, is entirely wanting in Jamaica, and has its last 

representative in S. Croix. One species irregularly occurs at 
Curaq^o. 

The carnivorous group of land Mollusca are represented bv 

several peculiar forms of Glandina, which attain their maximum 

in Jamaica and Cuba, but entirely disappear in the Lesser 
Antilles. 

A certain number of the characteristic N. American f^enera 
are found in the Antillean Sub-region, indicating a former con- 
nexion, more or less intimate, between the W. Indies and the 
mainland. The genera are all of small size. The characteristic 
JM. American Hyalinia are represented in Cuba, San Domiimo 
and Porto Paco ; among the Helieidae, Polygyra reaches Cuba, but 
no farther, and StroUla Jamaica. The fresh-water Pulmonata are 
ot a N. American type, as far as the Greater Antilles are con- 
cerned, but the occurrence of Gundlachia (Tasmania and Trinidad 
only) in Cuba is an unexplained problem at present. Unionidae 
signihcantly occur only at the two ends of the chain of islands 

WnZ rt k'*? ^ 

innidad (which is S. American) at the other 

A smaU amount of S. American influence is perceptible 
throughout the Autillee, chien, i„ the occurrence of a few s^e 
Ot Buhmulus and Simpulopsis. The S. American elompni 
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have strayed into the sub-region by three distinct routes : (1) 
by way of Trinidad, Tobago, and the islands northward ; (2) by 
a north-easterly extension of Honduras towards Jamaica, forming 
a series of islands of which the Kosalind and Pedro banks are 
perhaps the remains; (3) by a similar approximation of the 
peninsula of Yucatan and the western extremity of Cuba. 
Central America is essentially S. American in its fauna, and the 
characteristic genera of Antillean operculates which occur on its 
eastern coasts are sufficient evidence of the previous existence of 
a land connexion more or less intimate (see map). 

(a) Cuba is by far the richest of the Antilles in land Mollusca, 
but it must be remembered that it is also much better explored 
than San Domingo, the only island likely to rival it in point of 
numbers. It contains in all 658 species, of which 620 are land 
and 38 fresh- water, the land operculates alone amounting to 252. 

Carnivorous genera form but a small proportion of the whole. 
There are 18 Glaudina (which belong to the sections Varicella 
and Boltenia) and 4 Streptostylay the occurrence of this latter 
genus being peculiar to Cuba and Haiti (1 sp.) among the 
Antilles, and associating them closely with the mainland of 
Central America, where Streptostyla is abundant. These two 
genera alone represent the Agnatha throughout the sub-region. 

There are no less than 84 species of Helix y belonging to 12 
sub-genera. Only one of these (Polymita) is quite peculiar to 
Cuba, but of 7 known species of Jeanerettia and 8 of Cory day 6 and 
7 respectively are Cuban. Thelidomus has 15 species (Jamaica 
3, Porto Kico 3) ; Polydontes has 3, the only other being from 
Porto Eico; Hemitrochus 12 (Jamaica 1, Bahamas 6); Cysti- 

copsis 9 (Jamaica 6); Eurycampta 4 (Bahamas 1). 

The Cylindrellidae find their maximum development in Cuba. 
As many as 34 Macroceramus occur (two-thirds of the known 
species), and 130 Cylindrellay some of the latter being most 

remarkable in form (see Fig. 151, B, p. 247). 

The land operculates belong principally to the families 

Cyclostomatidae and Helicinidae. Of the former, Cuba is the 
metropolis of Ctenopoma and Choudroporruiy the former of whic 
includes 30 Cuban species, as compared with 1 from San 
Domingo and 2 from Jamaica. MegalomastoTaa (Cyclophori ae) 
is also Haitian and Porto Kican, but not Jamaican. Blaesospira, 
XeTiopoma, and Diplopoma are peculiar. The Helicinidae con 
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sist mainly of Helicina proper (58 sp.), wliicli here attains by 
far its finest development in point of size and beauty, and of 
Eutrochatella (21 sp.), which is peculiar to the three great islands 
(Jamaica 6 sp., San iJomingo 6 sp.) 

Tlie BahainaSy consisting in all of more than 700 islands, are 
very imperfectly known, but appear to be related partly to Cuba, 
partly to San Domingo, from each of which they are separated 
by a narrow cliannel of very deep water. They are certainly 
not rich in the characteristic groups of the Greater Antilles. 
The j^rincipal forms of Helix are riagioptycho. (6 sp.), common 
with San Domingo, Hcmitrochus (6 sp.), common with Cuba. 



Fic. 229. — Characteristic 
Cuban Helices. A, Poly- 
dontes imperator Moiitf. 
B, Caracoliis rostral a 
Pfr. C, Polymita vius- 
carum Lea. 


Strophia is exceedingly abundant, but C])lindreUa, Macroceramus, 
and GlandiTui have but few species. There are a few species of 
Ctenopoma, Chondropoma, and Cistula, wliile a single Schasicheila 
(absent from the rest of the sub-region) forms a link with 
Mexico. 

Southern Florida, with one or two species eacli of Hemitrochus, 
Cylindrella, Ma£roeeramus, Strophia , Ctenopoma, and Chondropoma, 
belongs to this province. 

(h) Jamaica. — The land Mollusca of Jamaica are, in point of 
numbers and variety, quite unequalled in the world. There are 
in all as many as 56 genera and more than 440 species, the 
latter being nearly all peculiar. The principal features are the 
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Glandiiiae, tlie Helicidae, and the land operculates. The Glan- 
dinae belong i)rincir)ally to the sub-genera Varicella, Melia, and 
Volutaxis, Streptostj/la being absent, although occurring in Cuba 
and San I)oniingo. There are 10 genera of Helix, of which 
Pleurodonta is quite peculiar, while Sagda (13 sp.) is common 
only with S.W. San Domingo (2 sp.), and Leptoloma (8 sp.) only 
witli Cuba (1 sp.) The single Strohila seems to be a straggler 
from a N. American source. Hacroceramus has only 2 species as 
against 34 in Cuba, and of Cylindrella, in which Cuba (130 sp.) 
is so rich, only 36 species occur. The genus Leia, however (14 
sp.), is all but peculiar, occurring elsewhere only in the neighbour- 
ing angle of San Domingo, which is so closely allied \yith Jamaica. 
The complete absence of Stropliia is remarkable. 





Fio. 230. — Characteristic Jamai- 
can and Haitian Mollusca : 
A, Sagda epistylium Miill., 
Jamaica ; B, Chondropoma 
saLleanum Pfr. , San Dominfro ; 
C, Eutrochatella TankervilUi 
Gray, Jamaic-a ; D, Cylin- 
drdla ctgnesiana C. B. Ad., 
Jamaica. 


The land operculates form the bulk of the land fauna, there 
being actually 242 species, as against 221 of land Pulmoriata, a 
proportion never again approached in any part of the world. 
As many as 80 of these belong to the curious little genus Stoa- 
stom.a, which is all but peculiar to the island, one species having 
been found in San Domingo, and one in Porto Rico. Geomelania 
and Chittga, two singular inland forms akin to TruMafella, are quite 
peculiar. Alcadia reaches its maximum of 14 species, as against 
4 species in San Domingo and 9 species in Cuba, and Ziixidella 
is common to San Domingo only ; but, if Stoastoma be omitted, 
the Helicinidae generally are not represented by so many or by 
so striking forms as in Cuba, which has 90 species, as against 

Jamaica 44, and San Domingo 35. 
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(o) San Domingo, although not characterised by the extra- 
ordinary richness of Cuba and Jamaica, possesses many specially 
remarkable forms of land Mollusca, to which a thorough explora- 
tion, when circumstances permit, will no doubt make important 
additions. From its geographical position, impinging as it does 
on all the islands of the Greater Antilles, it would be expected 
that the fauna of San Domingo would not exhibit equal signs of 
isolation, but would appear to be influenced by them severally. 
This is exactly what occurs, and San Domingo is consequently, 
although very rich in peculiar species, not equally so in peculiar 
genera. The south-west district shows distinct relations with 

o 

Jamaica, the Jamaican genera Leia^ Stoastoma, Lmidella^ and the 
Thaumasia section of Gylindrella occuning here only. The 
north and north-west districts are related to Cuba, while the 
central district, consisting of the long band of mountainous 
country which traverses the island, contains the more char- 
acteristic Haitian forms. 

The Helicidse are the most noteworthy of the San Domingo 
land Mollusca. The group Eurycrateray which contains some 
of the finest existing land snails, is quite peculiar, while Par- 
thenay CepoliSy Plagioptychay and Caracolus here reach their 
maximum. The Cylindrellidae are very abundant, but no 
section is peculiar. Land operculates do not bear quite the same 
proportion to the Pulinonata as in Cuba and Jamaica, but they 
are well represented (100 to 152); Eolleia is the only peculiar 
genus. 

The relations of San Domingo to the neighbouring islands 
are considerably obscured by the fact that they are well known, 
while San Domingo is comparatively little explored. To this 
may perhaps be due the curious fact that there are actually rriore 
species common to Cuba and Porto Kico (26) than to Porto Eico 
and San Domingo. Cuba shares with San Domingo its small- 
sized Caracolus and also LiguuSy but the great Eurycrateray Par- 
theruiy and Plagioptycha are wholly wanting in Cuba. The land 
operculates are partly related to Cuba, partly to Jamaica, thus 
Ohoanopoma, Ctenopomay Cistulay Tudoray and many others, are 
represented on all these islands, while the Jamaican Stoastoma 
occurs on San Domingo and Porto Rico, but not on Cuba, and 
Zucidella is common to San Domingo and Jamaica alone. An 
especial link between Jamaica and San Domingo is the occurrence 
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in the Rontli-west district of the latter island of Sagda (2 sp.). 
The relati\e )uiiid)ers of the genera Strophia, Mncroceramus, and 
Hehcina, as given below (p. 351), are of interest in this con- 

nexioii. 

IWtn Rico, with Vieque, is practically a fragment of San 
Domingo. 'I'lie points of close relationship are the occurrence of 
Ctmicolvs, dcpohs, and Rnrthena among 'the Helicidae, and of Sim- 
py/npsis, IW.vdohalea, and Rtocistovui. Cylindrella and Mncrocemmvs 
are but poorly represented, but Rtrophia still occurs. The laud 



Fig. 231. — Examples of West 
Indian Helices : A, Helix 
(Parthena) anguPUa Fer., 
Porto Kico ; B, Helix ( The- 
lulomus) lima Fer., Vieque ; 
C. Helix {hentellarla) nax 
deniiculaia Clieni., Martin- 
ique. 


^operc'iilatos (see the Table) show equal signs of removal from the 
hea(l(|iiartms ol (ievelopment. Megnlomastoma , liowever, has some 
striking foiins. The appearance of a single Clausilia, whose 
nearest relations are in the northern Andes, is very remarkable. 

which is allied to Peltelht (Ecuador only), is peculiar. 
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Land Mollusca of the Greater Antilles. 


Glanilina 

Streptostyla 

Volutaxis . 

Selenites 

Hyalinia 

Patula 

Sagda . 

Microphysa . 

Cysticopsis . 

Hygromia(?) 

Leptaxis (?) . 

Polygyra 

Jeauerettia . 

Euclasta 

Plagioptycha 

Strobila 

Dialeuca 

Leptoloma . 

Euiycainpta 

Coryda 

Thelidomus 

Eurycratera 

Parthena 

Cepolis 

Caracol us . 

Polydontes . 

Hemitrochus 

Polyraita 

Pleurodonta 

Iqc. sed. 

Simpulopsis 

Bulimuliis . 

Orthalicus . 

Idguus 

Gaeotis 

Pineria 

Macroceramus 
Leia . 
Cylindrella . 
Pseudobalea 
Stenogyra . 



i 

• 

o 

bO 
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6 
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1 

o 

e 

• 

o 

V 

2 
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*5 

B 
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Xi 
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(S 



P 

O 

a 

od 

o 

PU 

18 

24 

15 

8 

Opeas 

• 

8 

(?) 

4 

6 

4 

• • • 

2 


Subulina . ^ 

• 

6 

14 

2 

2 

• • • 

U(!) 

1 


GlandincUa . 

• 

1 

• » • 

• • • 

• • • 

1 

• • • 

• • • 


Spiraxis 

« 

2 

(?) 

2 

1 

4 

11 

5 

0 

Mclaniella . 

• 

7 

« • • 

• • • 

• • • 

5 

1 

• • • 


Geostilbia . 

• 

1 

• « • 

1 

• • • 

• • • 

13 

2 


Cionella 

• 

2 

• • • 

• • • 

• • • 

7 

18 

8 

3 

Leptinaria . 

• 

• • • 

1 

• • • 

3 

9 

6 

• • • 


Obeliscus 

• 

• • » 

• • • 

1 

2 

* • 


3 


Pupa . 

• 

2 

7 

3 

2 

• • • 


1 


Vertigo 

• 

4 

• • • 

• • • 

• • • 

2 


• • • 


Strophia 

• 

19 

• • • 

3 

2 

6 


• • • 

1 

Clausilia 

• 

• • • 

• • • 

• • • 

1 

• • • 


• • • 

4 

Succinea 

• 

11 

2 

5 

3 

• • • 


14 

2 

Vaginula 

% 

2 

o 

2 

1 

• • 

i 

• • • 


Megalomastoma 

• 

13 

• • • 

1 

3 

• • • 

1 

• • • 


Neocyclotus 

• 

1 

33 (?) 

« • • 

• • • 

1 

8 

• • • 


Liciiia 

• 

1 

• • • 

3 

• • • 

4 

• • • 

• • • 


Jamaicia 

• 

• • • 

2 

• • • 

• • • 

7 

• • • 

• • • 


Crocidopoma 

• 

• • • 

1 

3 

• • • 

15 

3 

• • • 

3 

Rolleia 

• 

• * • 

• • • 

1 

• • • 

• • • 

• • • 

7 

• • • 

Choanopoma 

• 

25 

12 

19 

3 

• • • 

» • • 

2 

2 

Ctenopoma . 

• 

30 

2 

1 

• • « 

• • • 

• • • 

3 

1 

Cistula 

• 

15 

3 

3 

3 

8 

• • • 

6 

2 

Chondropoma 

Tudora 

• 

57 

(?) 

19 

4 

3 

• • • 


1 

• 

7 

17 

5 

• • • 

12 

1 


• • • 

Adamsiella . 

• 

1 

12 

• • • 

• • • 

5 

• « • 


• • • 

Blaesospira . 

• 

1 

• • • 

• • • 

• • • 

• • • 

34 


• • • 

Xeiiopoma . 

• 

1 

• • t 

• • • 

• • • 

5 

• • • 


• • • 

Cistula 

• 

15 

3 

3 

• • • 

• • • 

• • • 

i 

1 

Colobostyliis 

• 

4 

13 

5 

• • • 

3 

3 

6 

7 

Diploporaa . 

t 

1 

• • • 

• • • 

• • • 

1 

1 

• • • 

• • • 

Geoinelania 

• 

• • • 

21 

• • • 

• • • 

3 

• • • 

1 

• • • 

Chittya 

• 

• • • 

1 

• • « 

• • • 

• • • 

• • • 

• • • 

3 

Blanaiella . 

• 

• • • 

• • • 

1 

• • • 

2 

• • • 

• • • 

1 

Stoastoma . 

• 

• • • 

80 

1 

1 

34 

2 

14 

3 

Eutrochatella 

• 

21 

6 

6 

# • • 

• • • 

14 

2 

• • • 

Lucidella 

• 

• • • 

4 

1 

^ • 

130 

36 

35 

3 

Alcadia 

• 

9 

14 

4 

• • # 

G 

• • • 

1 

1 

Helicina 

• 

58 

16 

24 

9 

6 

7 

(?) 

• • • 

Proserpina . 

• 

2 

4 

• • • 

• • • 


The Virgin Is., with St. Croix, Anguilla, and the St. Bar- 
tholomew group (all of which are non-volcanic islands), are 
related to Porto liico, while Guadeloupe and all the islands to the 
south, up to Grenada (all of which are volcanic), show marked 
traces of S. American influence. St. Kitt’s, Antigua, and 
Montserrat may be regarded as intermediate between the two 
groups. St. Thomas, St. John, and Tortola have each one 
Plagioptycha and one Thelidomus, while St. Croix has two sub- 
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lossil CciTcicolus which arc now living in Porto Eico, together with 
one Flagioptycha and one Thelidomus (sub-fossil). The gradual 
disappearance of some of the characteristic greater Antillean 
forms, and the appearance of S. American forms in the Lesser 
Antilles, is shown by the following table : — 


. 

( 

Porto Rico. 

• 

xn 

c 

o 

• 

y: 

St. Jun. 

St. Croix. 

Tortola. 

Anguilla. 

St. KitPs. 

Antigua. 

Guadeloupe. 

Dominica. 

Martinique. 

St. Lucia. 

Barbados. 

St. Vincent. 

Grenada. 

• 

% 

Bulimulus 

7 

n 

2 

H 

B 

2 

2 

3 

8 

9 

6 

3 

3 

6 

2 

4 

Cylindiella 

3 


1 

11 

H 

• • • 

• • • 

• • • 

a 

• • • 

D 

1 

1 

• • • 

• • • 

1 

Macroceranius 

3 

H 

1 


2 

1 
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Cyclostomaticlae, etc. 

23 

4 

1 

5 

1 

1 
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H 


■ 





1 

Dentellaria 







1 

1 

g 

5 


2 

2 


1 

1 

Cyclophorus . 










2 

2 






Amphibulimiis 









2 

3 

1 






Homaloiiyx 









1 

1 
























{d) In Guadeloupe we find CydophoruSf Arn/phibulimus, Homed- 
onyx, and Pellicula, which are characteristic of S. America, and 
nearly all recur in Dominica and Martinique. These islands are 
the metropolis of Dentellaria, a group of Helix, evidently related to 
some of the forms developed in the Greater Antilles. Stragglers 
occur as far north as St. Kitt’s and Antigua, and there are several 
on the mainland as far south as Cayenne. Traces of the great 
Bvlimus, so characteristic of S. America, occur as far north as S. 
Lucia, where also is found a Parthena (San Domingo and 
Porto Eico). Trinidad is markedly S. American; 55 species in 
all are known, of which 22 are peculiar, 28 are common to S. 
America (8 of these reach no farther north along the islands), 
and only 5 are common to the Antilles, but* not to S. America. 
The occurrence of Gundlachia in Trinidad has already been 
mentioned. 

The Bermudas show no very marked relationship either to 
the N. American or to the West Indian fauna. In common 
with the former they possess a Polygyra, with the latter (intro- 
duced species being excluded) one species each of Hyalosag a, 
Suhulina, Vaginvla, and Helicina, so that, on the whole, the} 
may be called West Indian. The only peculiar group is Poecilo- 
zonites, a rather large and depressed shell of the Hycdinia type. 

(2) The Central American Sub-region may be regarded as 
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extending from the political houndary of Mexico in the north 

to the isthmus of Panama in the soutli. It thus impinges on 

three important districts — the N. American, West Indian, and S. 

American , and it appears, as we should perhaps expect, that the 

two latter of these regions have considerably more influence 

upon its fauna than the former. Of the N. American Helicidae, 

Pohjgyra is abundant in Mexico only, and two species of Strvhila 

reach N. Guatemala, while tlie Californian Arionta occurs in 

Mexico. S. American Helicidae, in the sub-genera Solaropsis 

and Lcibyrintlms, occur no farther north than Costa Eica. Not 

a single representative of any of the characteristic West Indian 

Helicidae occurs. Bulimvlus and 0<os<owt«s, which form so lar^e 

a proportion of the Mollusca of Venezuela, Colombia, Ecuador and 

Peru, togetl.er with Orthalicus, are abundant all over the region. 

Agani, Cylindrella, Macroceranms, and some of the characteHstic 

Antillean operculates, are represented, their occurrence beim. in 

nio.st cases limited to the eastern coast-line and eastern sloiie of 
the central range. ^ 

o 

Besides these external elements, the region is rich in indi-renous 
genera. Central America is remarkable 
for an iininonso iiuiiiber of largo carni- 
vorous Mollusca possessing shells. There 
are 49 species of Glandina, the bulk of 
which occur in eastern and southern 
Mexico; 36 of Streptostyla (S.E. Mexico 
and Guatemala, only 1 species reaching 
Venezuela and another Peru) ; 5 of Sala- 
stella, 2 of Petenia, and 1 of Strehelia ; the 
last three genera being peculiar. Strept- 
axis, fairly coniinon in S. America, does 
not occur. Velifera and Cryptosb 'aeon, 
two remarkable slug-like forms, each with 
a single species, are peculiar to Costa Eica. ^ 

Among the especial peculiarities of the nr ^ _ v 
rugion are the giant forms belonging to tlie 
Cylindrellidae, which are known as Ifolo- 
■ynra, Baadodium, and Coelocentrum (Fi(r 
■^•12). They are almost entirely peculiar 

to Mexico, only 7 out of a total of 33 reaching south of that 
I istiict, and only 1 not occurring in it at all 
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The land operculates are but scanty. Tomocyclus and Amphi- 
cyclotus are peculiar, and Schasicheila, a form of Helicinaj occurs 
elsewhere only in the Bahamas. Geres (see Fig. 18, C, p. 21) and 
Proserpinella, two remarkable forms of non-operculate Helicinidae 
(compare the Chinese Heudeia), are quite peculiar. Pa^hychilus, 
one of the characteristic fresh-water genera, belongs to the S. 
American (Melaniidae) type, not to the N. American (Pleuro- 
ceridae). Among the fresh-water Pulmonata, the Aplecta are 
remarkable for their great size and beauty. In the accompany- 
ing table '' Mexico ” is to be taken as including the region from 
the United States border up to and including the isthmus of 
Tehuantepec, and Central America ” as the whole region south 
of that point. 


Land Mollusca of Central America 


Strebelia 
Glandina 
Salasiella 
Streptostyla 
Petenia . 

Liniax . 
Velifera 
Omphalina 
Hyaliiiia 
Guppva 
Pseudohyalina 
Tebennophorus 
Cryptostracon 
Xanthonyx 
Patula . 
Acantliinula 
Vallonia 
Trichodiscus 
Praticolella 
Arionta 
Lysinoe 
Oxychona 
Solaropsis 
Polygyra 
Strobila 
Labyrinthus 
Otostomus 
Bulimulus 


c 

o 

0 

a> 

1 
33 

4 

18 


10 
2 
• • • 
2 
1 

• • « 
4 
3 


2 
1 
3 
1 
2 
• • • 
14 
1 

• • • 
23 
6 


C C ^ 

o 


13 
• • • 
12 
1 
1 
1 
1 
6 
8 


1 


2 

1 

2 


1 

5 

2 

1 

1 

5 

20 

5 


a 

o 

5.2 


3 

1 

6 

1 


1 

3 

3 


• • • 


4 
2 
• • 
3 
1 


i • • 

• • • 
7 
2 


Berendtia 
Orthalicus 
Pupa 
Vertigo . 
Holospira 
Coelocentrum 
Eucalodiiim 

S ^lindrella 
acroce ramus 
Simpulopsis 
Caecilianella 
Opeas . 
Spiraxis 
Leptinaria 
SuDulina 
Succinea 
Vaginula 
Aperostoma 
Amphicyclotus 
Cystopoma 
Tomocyclus 
Ohoanopoma 
Chondropoma 
Helicina 
Schasicbeila 
Ceres 

Proserpinolla 


a 

o 

o 

o 

X 

0 

1 
6 
1 
1 

12 

6 

15 
6 
2 
2 
1 
1 
8 
• • • 
2 
11 
1 

• • • 
2 
2 
• • • 
2 
2 
13 
2 
2 
1 


'SS 

g-C . 

O 


3 

1 


1 

• • • 
4 
1 
1 

• • • 
2 
2 
2 
3 

3 
• • • 

4 
1 

« • • 
1 
2 
11 
10 
• • • 


d • 

o-S 

1^ 

o 

O 


0 • • 


• • • 

• • • 
1 
5 
• • • 


1 

• • • 
4 
1 

• • • 
1 
2 


• • • 


6 


• • • 


(3) The Colombian Sub-region includes 
Grenada, Venezuela, Guiana, Ecuador, Peru, and Bolivia. «• 
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been usual to separate off the two latter countries as forming a dis- 
tinct “Peruvian” sub-region ; but there is, as will be seen, absolutely 
no line to be drawn between the Mollusca of Peru and those of 
Ecuador ; nor would one, on geographical considerations, expect 
to be able to draw such a line. A better method of subdivision, 
so far as the species of the whole eastern portion of the region 
are concerned, would he to group the Mollusca according to the 
altitude at which they occur, were it not that the evidence on 
this point is at present hut fragmentary. We know, however 
that all along the line of the Andes certain species, more parti- 
cularly of Bulitmdus, occujiy their own zones of elevation, some 

ascending as high as 10,000 feet above the sea, and never occur- 
ring on the plains. 

In the northern portions of thjs sub-region. Central American 
and U est Indian influence is felt to a certain extent. Thus there 




Fig. 233. — A, OrtJuiHcus 
Dehurghiae Reeve, 
Ecuador ; B, BiUimm 
( Pdchyotus) egregius 
Jay, Brazil. 



aie eight Glandina and one Streptostyln in Venezuela and Colombia 
together with one or two species of Cistula, Chondropoma, Pro- 
^e,pina and Cylindrella, while a single Strophia (decidedly a 

Btraggder) occurs at Curasao. Tn Demerara and Cayenne there 
aie three or four species of Dentellarin T.. i? a i, 

(dandinu, diminishes to three .species -uwl L. iw a - 

altoptlier, ulU.ougl, om ttlnflrntyla oci,,,,,. Similarly 
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Thtt Ilelicidfie <ir6 most fibundaut in tim north and west, and 
are represented by several very striking sub-genera, some of whicli 
possess reniarkaldy toothed apertures, and perha])S betray an 
<iiicestry conn non to some of the West Indian genera. Of these, 
Lahyrinthvs lias 12 species in Venezuela and Colomliia, 5 in 
Ecuador, and 3 in Peru and Bolivia; Isomeria 12 in Venezuela 
and Colombia, 20 in Ecuador, and 2 in Peru and Bolivia; 
Solaropsis is represented in these countries by 6, 3, and 7 species, 
and Sysfropltia by 4, 5, and 8 species respectively. 

ChiHsihd in the group Nenia — appears in some nuniliers 
along the Andes chain, the only other representative in tlie New 
AVorld being the solitary species occurring at Porto Eico. There 
have been described, from Venezuela and Colombia 10 species, 
from Ecuador 5, and from Peru and Bolivia 12. 

Another marked feature of the region is tlie occurrence of the 
Orthalicidae, in the two genera Orthalicus and Porphyrohaphe, 
The latter of these magnificent forms is peculiar, while the 
former reaches Mexico, the West Indies, and Brazil. Ecuador, 

which contains 23 species, seems the metropolis of the 
group. 

Bulimns and Bidimvivs, the former genus being peculiar to 



S. America and the adjacent islands, are largely 
represented, the former in the three groups 
Bor us, Dipping, and Orjdi mis. These attain 
their maximum in Peru, with 25 species, but 
Venezuela and Colombia have as many as 17. 
Bulimulv.s has been subdivided into a number 
of groups, e.g. Drymtuus, Mesernhrimis, Thau^ 
mastus, Mormus, Scutnlus, witli many others, 
— the exact scientific limits of which are not 
easily discernible. It must suffice here to 
state that Peru seems to be the head-quarters 
of the group with about 190 species (which 
prf)bably may well be reduced), Ecuador having 
about 70, and Venezuela and Colombia between 

80 and 90. 


Fig. 234. -^RhodM, Two very remarkable forms belonging to tlie 
ftyfuntea pixpj'djie, (Eig. 1 54, 1 ). 248) Hlld lowi- 

yerus, (X*cur in Venezuela, the metrojiolis. JUioam, 
another very jieculiar shell (Fig. 234), whose exact family jiusition 
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is uncertain, is peculiar to New (Irenada. The land operculates 
are few in number, and in Bolivia almost disappear. Tliey 
belong principally to Neoajclotus (of which 1 1 species occur in 
Venezuela and Colombia) and Helicina (10 species in the same 
district), besides the stragglers already mentioned from West 
Indian sources, and a few Cyclopliovus. Bourcieria is a form of 
Helicina peculiar to Ecuador. Ampullaria, with Ceratodcs, a 
peculiar planorbiform sub - genus, and Hemisinus, form the 
bulk of the fresh-water operculates. 

The Galapagos. — Thirty-four species of land Mollusca, all 
peculiar, are known from these islands ; 25 of these are forms 
of Bulimulus. There are no Helicidae, one each of Hyalinia, 
Leptinaria, and Helicina, and two Pupa. The Bulimulus are 
mostly of the group Nesiotis, and in their brown colour bear 
some outward resemblance to the dark Achatinella of the Sand- 
wich Is., living as they do mostly under scoriae on the ground, 
and not on trees. In type, however, they appear to be derived 
from Chili and Peru, rather than from the parts of S. America 
immediately contiguous. Another section (Pleuropyrgus 2 sp.) 
closely resembles a marine Chemnitzia. The islands are all 
volcanic, and are probably not the result of subsidence ; thus the 
existing species are not to be regarded as the relics of a more 
widespread fauna, but as a new set of inhabitants. 

(4) The Brazilian Sub-region. — This immense district is very 
little known, except in the south, and it is consequently im- 
possible to give any satisfactory account of its Mollusca. It is 
possible that eventually it will be found that it falls into 
provinces which correspond more or less to {a) the Amazon basin ; 
(5) the mountainous district in the east, drained by the Tocantins 
and the San Francisco ; (c) the Parana basin in the south central 
district ; and {d) the Argentine or Pampas district in the extreme 
south. But at present the data are insufficient to establish any 
such subdivisions, whose existence, if proved, would have an 

important bearing on the problem of the coalescence of S. 
America into its present forin.^ 

The Agnatha are represented by Streptaxis alone (17 sp.). Helix 
is rare, but includes the peculiar Polygyratia (Fig. 150, A, p. 246) 
wliile Lahyrinthus (2 sp.), Solaropsis (5 sp.), and Systrophia are 
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common with the 



Fin. 235. 


Colombian sub-region, and Oxychona (4 
with the Central American. Bulinbus lias 
in «ill 36 species, the sub-genera Buchyotus 
(hig. 233) and Strophochilus being peculiar. 
Bulimulus, though not so abundant as in Peru 
and Ecuador, has about 6 0 species, of which 
— Hulimidus Navicula (Fig. 235) is the most remarkable 

is peculiar. Orthaliem has 
only 4 species, while Tomigerus (4 sp.) and 
Anostoma (3 sp.) are common with Venezuela. Land opercu- 

lates are scarce, and appear to include only Neocyclotus, Cyclo^ 
phorus, and Helicina. 

In Argentina, which may probably rank as a separate pro- 
vince, the tropical forms greatly decrease, 

Streptaxis being reduced to 2 species, and 
Bulimus and Bulimulus together to 40, while 
Orthalicus, the great Helices, and the land 
operculates disappear altogether. Odonto- 
stomus (iig. 236), a genus of the Pupidae, is 
abundant in the northern part of the province. 

Two or three species of Chilina occiu*. 

(5) The Chilian Sub -region, — The greater 
part of Chili, from its arid and rainless climate, is 
unfavourable to the existence of land Mollusca. 

Bulimus(^Bomi^^\S)\ has 3 or 4 species,and Buli- 
mulus {Plectostylus 1 1, Scutcdus 9, Peroncieus 7) is fairly abundant 
but the profusion of the tropics is wanting. There are no car- 
nivorous genera, and only two land operculates. A remarkable 
form of Helix {Mcucrocyclis^ Fig. 237) is quite peculiar, but the 



Fio. 236. — Odonto- 
slom us pa niagrn- 
eltniis Moric., S. 
Brazil. x J. 


majority of the species belong to two rather obscure groups, 
Stepsanoda and Amphidoxa. Chilina, a singularly solid form of 
Limnaea (of which 8 sp., with a sub-genus Pseudochilina, occur in 
Chili), is peculiar to Chili, S. Brazil, and Patagonia. From the 
two islands of Juan Fernandez and Masafuera, are known several 
Helix, of Chilian affinity, several curious Smcinea, a Homaloiiyx, 
Leptinaria, and Nothus, and three species of Tornatellina, with 
the almost universal Limax gagates. 

The question of the existence at some remoU^ jmriod of a 
Neantarctic continent, which formed a communication l)etween 
tlie three great southern peninsuLus of tlie world, is one on 
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which tiie Mollusea may offer evidence. Von Ihering holds that 
an essential difference can he observed between certain of tlic 
Unionidae wliich inhabit S. America, Africa, and Australia with 
New Zealand, and those which inhabit Europe, Asia, and N. 
America, hut the point can hardly he regarded as definitely 
established at iiresent. Something perliaps may he made of the 
distribution of Bulimns and Bulimulus. It seems difficult to 
explain the occurrence of sub-fossil Bulimvs on St. Helena except 
on some such lines as have been recently adduced to account for 
the presence of struthious birds in the Mascarenes, and possibly 
the form Livinhacect may be a trace of the same element in S. 
Africa. Again, the Liparus of S. and W. Australia, with the 
Caryodes of Tasmania, and the Leucotaenia and Clavator of 
Madagascar (which all may be related to Bulimus), together with 
the Placostylus of New Caledonia and the adjacent islands. 



Fiq. 237 . — Macrocydis 
laxata Fer., CbilL 


reaching even to New Zealand, and perhaps even the Ampliidromus 
of Malaysia (which are more akin to Bulimulus), may be thought 
to exhibit, in some remote degree, traces of a common ancestry. 

The land operculates give no help, and, of the carnivorous 
genera, Rhytida is a marked link between Africa and Australia, 
while Streptaxis is equally so between S. America and Africa. 
As. regards fresh-water Gasteropoda, Ampullaria is common to S. 
America and Africa, while Isidora is common to Africa, Australia, 
and New Zealand, but is altogether absent from S. America. 
Gundlachia occurs in Florida, Trinidad, and Tasmania, but has 
not been detected in Africa. It must be concluded, therefore, 
that the present state of the evidence wliich the Mollusea can 
afford, while exhibiting certain curious points of relationship be- 
tween the three regions in question, is insufficient to wan^ant 
any decided conclusion. 


CHAPTEE XII 


DISTRIBUTION OF MARINE MOLLUSCA DEEP-SEA MOLLUSCA AND 

THEIR CHARACTERISTICS 

Marine Mollusca may be divided roughly into Pelagic and non- 

Pelagic genera. To the former division belong all Pteropoda and 

Heteropoda, and a large number of Cephalopoda, together with 

a veiy few specialised forms of Gasteropoda {lanthina, Litiopa, 

Phylhrrhoe, etc.). Pelagic Mollusca appear, as a rule, to live at 

varying depths below the surface during the day, and to rise to 

the top only at night. The majority inhabit warm or tropical 

seas, though some are exceedingly abundant in the Arctic 

regions; Clione and ZimaciTia have been noticed as far north 
as 72“.^ 

The vertical range of Pelagic Mollusca has received attention 
from Dr. MuiTay of the Challenger, Professor Agassiz of the Blalce 
and Albatross, and others. Agassiz appears to have established 
the fact that the surface fauna of the sea is limited to a com- 
paratively narrow belt of depth, and that there is no inter- 
mediate belt of animal life between creatures which live on or 
near the bottom and the surface fauna. Pelagic forms sink^ to 
avoid disturbances of various kinds, to depths not much exceed- 
ing 150 to 200 fathoms, except in closed seas like the Gulf of 
California and the Mediterranean, where the bathymetrical range 
appears to be much greater.^ 

Non - Pelagic Mollusca are, from one point of view, con- 
veniently classified according to the different zones of depth at 
# 

The distribution of some Pteropoda has been worked out by Munthe, Bih* 
Svensk, Ak. Handl, XII. iv. 2, by Pelseneer “ Challenger*' Bep.^ Zool., xxiii., and by 
Boas, Spolia Atlantica. 

* BuU. Mus. O, Z. Harv. xiv. p. 202 ; xxiii. p. 34 f. 


XII 


PHENOMENA OF DISTRIBUTION 


?6 1 


which they occur. Thus we are enabled to distinguish Molln.sca 
of (a) the littoral, (h) the laminarian, (c) the nullipore or 
coralline, and (d) the abyssal zones. It must be borne in mind, 
however, that these zones cannot be exactly defined, and that 
while the littoral zone may be understood to imply the area 
between tide-marks, and the abyssal zone a depth of 500 
fathoms and upwards, the limits between the laminarian and the 
coralline, and between the coralline and abyssal zones can only 
be fixed approximately. 

The difficulty of assigning special genera or species to special 
‘zones of depth’ is increased by two important facts in the 
phenomena of distribution. In the first place, it is found that 
species which occur in shallow water in northern seas often 
extend to very deep water in much lower latitudes. This in- 
teresting fact, which shows the importance of temperature in 
determining distribution, was fii-st established by the dredgings 
of the Lightning and Porcupine ofif the western coasts of Europe. 
In the second place, a certain number of species seem equally at 
home in shallow and in abyssal waters, in cases whez'e a great 
difference of latitude does not occur to equalise the temperature. 
Thus the Challenger found Venus mesodesma living on the beach 
(New Zealand) and at 1000 fath. (Tristan da Cunha); Lima 
mvlticostata in ‘ shallow water ’ (Tonga and Port Jackson) and 
at 1075 fath. (Berm.. ; Scalaria acus from 49 to 1254 fath 
(N. Atlantic); and S. h denica from 40 to 1260 fath. (Canaries). 
The Lightning and Porcupine found, or record as found, ^ Anomia 
ephippium at 0 to 1450 fath., Pecten groerdandicus at 5 to 1785 
fath., Z«na suhauriculata at 10 to 1785 iaih., Modiolaria discors 
at 0 to 1785 fath., Crenella decicssata at 0 to 1750 fath 
Bcmrydium vitreum at 30 to 2750 fath.. Area glacialis at 25 
to 1620 fath., Astarte compressa at 3 to 2000 fath., and Scro- 
bicularia longicallus at 20 to 2435 fath. Puncturella noachina 
has been found at 20 to 1095 fath., Natica groenlandica at 2 to 
1290 fath., Rissoa tenuisculpta at 2 5 to 1 0 9 5 fath. In many 
of these cases we are assured that no appreciable difference can 

be detected between specimens from the two extremes of 
depth. 

In spite, however, of these remarkable vagaries on the part 
of certain species, we are enabled roughly to distinguish a large 

* See papers in P. Z. S, 1878-85. 
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number of genera as ^ shallow-water ’ and ‘ deep-water * respec;- 
tively, while a still larger number occupy an intermediate 
position. Among shallow-water genera may be named Patellay 
Liitorina^ Nassa^ Purpuray StromhuSy HaliotiSy MytiluSy Cardiurriy 
Solen ; while among deep-water genera are Pleurotomay Scissu- 
rellay Serjuenziay Dentaliurriy CaduluSy LimopsiSy Nucula, Leday 
Limay and Axinus. 

Theories on the geographical distribution of marine Mollusca 
have been revolutionised by the discoveries of recent exploring 
expeditions. The principal have been those of Torell (Swedish) 
(1859-61) on the coasts of Greenland and Spitzbergen ; of the 
Lightning and Porcupine (British) in 1868-70, in the N.E. 
Atlantic, off the Scotch, Irish, French, and Portuguese coasts, 
and in the Mediterranean ; of the Challenger (British), under 
Sir C. Wyville Thomson, in 1873-76, in which all the great 
ocean basins were dredged or sounded ; of the Blake (American), 
under Alexander Agassiz, in 1877-80, in the West Atlantic, 
Gulf of Mexico, and Caribbean Sea ; of the Travailleur (French) 
in 1880-83, off the west coasts of France, Portugal, and Morocco, 
Madeira, the Canaries, and the Golfe du Lion ; of the Talisman 
(French) in 1882, off the west coast of Africa from Tangier to 
Senegal, the Atlantic Islands, and the Sargasso Sea ; of the 
Albatross (American) in 1891, off the west coast of tropical 
America ; of several other vessels belonging to the U.S. Fish 
Commission and Coast Survey, off east American shores ; and 
of the Prince of Monaco in the Hirondelle and Princesse 
Alice at the present time, in the N. Atlantic and Medi- 
terranean. 

The general result of these explorations has been to show 
that the marine fauna of very deep water is much the same all 
the world over, and that identical species occur at points as far 
removed as possible from one another. The ocean floor, in fact, 
with its uniform similarity of temperature, food, station, and 
general conditions of life, contains no effectual barrier to the 
almost indefinite spread of species.^ To give a few instancca 
The Challenger dredged Silenia Sarsii in 1950 fath., 1100 

^ A bleak in this uniformity may be found underneath the course of a great 
oceanic current like the Gulf Stream, which rains upon the bottom a large amount 
of food. A. Agassiz {Bull. Mus. C. Z. Harv. xxi. p. 185 f.) explains in this way the 
richness of the fauna of the Gulf of Mexico as compared with that of the west coast 

of tropical America. 
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miles south-west of Australia, and also in 2650 fath. off the mouth 
of the Rio de la Plata; Seviele profundorum, in 1125 fatli. 
near the Canaries, and in 2900 fath. mid N. Pacific; Vcrti- 
cordia deshay esiana in 155 fath. near Cape York, and in 350 
fath. off Pernambuco; Area pteroessa in 2050 fath. mid N. 
Pacific, in 1000-16Y5 fath. west of the Azores, and in 390 fath. 
off the West Indies; Area corpulenta in 1400 fath. off N.E. 
Australia, in 2425 fath. mid-Pacific, and in 1375 fath. near 
Juan Fernandez; Lima goliath in 775 fath. off S. Japan, and 
in 245 fath. off S. Patagonia; Pleurotoma engonia in 700 fath. 
north-east of New Zealand, and in 345 fath. off Inoshima. A 
surprising range was occasionally found even in shallow-water 
species ; thus Petricola lapicida was discovered by the same 
expedition in the West Indies and N. Australia, Cardita calycit- 
lata off Teneriffe and in Bass Strait, Area imhricata off Cape 
York and in the West Indies, Modiolaria cuneata at Port Jack- 
son and Cape of Good Hope, Lima squamosa at Teneriffe and the 
Philippines. In these latter cases it is not improbable that the 
species lives in deep water as well, from which it has not yet 
been dredged. 

It follows from these considerations that any attempt to 
classify marine Mollusca under Regions and Provinces can only 
apply to Mollusca which occur at moderate depths. The most 
important factor in the environment, as determining distribution, 
is the temperature of the water, which is probably to be regarded 
as affecting not so much the adult Mollusca as their ova ; for 
the adult might possibly support life under conditions in which 
the ova would perish. It appears that a sudden change of tem- 
perature is the most effective barrier to distribution,^ and may 
bring the range of a species to an almost instantaneous stop, 
while a very gradual change will allow it to extend its range 
very widely. 

^ On the western coasts of Europe and America, where the change in surface 
temperature is very gradual, Purpura lapillus (the west American ‘species’ are 
at beat only derivatives) is able to creep as far south as lat 32® (Mogador) in the 
former case, and lat. 24® (Margarita Bay) in the latter, the mean annual tempera- 
ture of the surface water being 66 ® off Mogador, with an extreme range of only 8 ®, 
and that of Margarita Bay 73®, with an extreme range of only 5®. On the eastern 
coasts, where the Pacific and Atlantic gulf-streams cause a sudden change of tem- 
perature, the Purpura is barred back at points many degrees farther north, viz. at 
lat. 41® (Hakodadi), surface temperature 52®, extreme range 25® ; and at lat. 42® 
(Newhaven), surface temperature 52®, extreme range 30®. 
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It has been usual to classify marine Mollusca from moclemte 
depths under the following regions and sub-regions r 


Regions. 


A. Atlantic and 
Circumpolar 




B. Indo- 



Sub-regions. 

n. Arctic. 

2. Boreal. 

3. Celtic, 

4. Lusitanian. 

5. West African. 
1^6. South African 
fl, Indo-Pacific. 
\2. Jajjanese. 


Regions. 

C. Australian 




D. American 


Sub-regions. 

Australian. 
Neozealanian 
fl, Aleutian. 

2. Californian. 

3. Panamic. 

4. Peruvian. 

5. Magellanic. 

6. Aigentinian. 

7. Caribbean. 

^8. Transatlantic. 


A. The Atlantic Region 

includes the whole of the eastern shores of the Atlantic, from 
the extreme north to the Cape of Good Hope, together with the 
circumpolar seas, which may be regarded as roughly boimded 
by the Aleutian Islands and the coasts of Newfoundland. 

(1) TAe Arctic Suh-region includes the circumpolar seas, and 
is bounded in the N. Pacific by a line drawn between Cape 
Avinofif in Alaska, and Cape Lopatka in Kamschatka, so as to ex- 
clude the Aleutian Islands. On the western shores of the Atlantic 
the cold Labrador current brings it as far south as the coast of 
Newfoundland, but on the eastern shores the influence of the 
Gulf Stream has the contrary effect, so that the North Cape may 
be taken as its southern limit. 

The principal genera (many species of which are common to 
the whole sub-region) are Volutomitra, Buccinum, Buccinopsis, 
Neptunea, TrophoUy Bela^ Admete, Velutina, Trichotropis, Lacuna, 
Margarita, Philine, Pecten, Leda, Yoldia, Astarte, and Mya, The 
shells are generally unicoloured, and of a dead white or rather 
sombre tint. 

(2) The Boreal Sub-region may be subdivided into two 
provinces — the European and the American. The former includes 
the entire coast-line of Norway, the Faroe Islands, and Iceland 
(except perhaps the northern coast), and possibly the Shetland 
Islands; the latter the American coasts from the Gulf of St. 
Lawrence to Cape Cod (lat. 42®). Thus the Boreal American 
province does not extend nearly so far south as the Boreal 
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European, the reason being that on the American coasts the cold 
I^ibrador current, which hugs the land, bars back the advance of 
southern genera, but allows boreal genera to spread southwards, 
while on the European side the warmer conditions produced by 
tlie Gulf Stream keep the boreal species back, and allow more 
southern forms to spread northwards. 

Many of the Boreal species occur on both sides of the Atlantic, 
and thus support the theory of a more continuous fringe of con- 
tinental land once existing along the north of the Atlantic. 
Among the prominent genera, besides several of those mentioftied 
under the Arctic Sub-region, are Purpura, Chenopus, Littorina, 
G-ihhula, Natica, Patella, Tectura, Chiton, Doris, Aeolis, Tellina, 
Thracia. 

(3) 2'he Celtic Sub-region includes the British Islands (except- 
ing perhaps the Shetland Islands), the coasts of the North Sea 
and the Baltic, with N. France to Cape Ushant. The absence 
of any cold or warm current exerting direct influence upon the 
coast-line of this sub-region causes a very gradual change in the 
conditions of life as we move either southward or northward. 
The fauna of the British seas contains a decided mixture of 
northern and southern forms. The following are among the 
common Boreal species which attain their southward range on 
our coasts : Tectura testudincdis Miill. (to Dublin Bay and 
Scarborough), Trichotropis horecdis Brod. (to the Dogger Bank), 
Margarita helicina Fabr. (to Yorkshire and Dublin Bay), M, 
groenla.ndica Chem. (western Scotland), Natica montacuti Forb. 
(to Cornwall), Trophon truncatus Str. (to Tenby), Chiton mar- 
moreus Fabr. (to Dublin Bay and Scarborough). Buccinum 
undatum and Littorina littorea become very scarce on our extreme 
south-western coasts. Among Lusitanian species which reach our 
coasts are Gibbula magus L. (to Orkney and Shetland Islands), 
Phasianella pullus L. (to Caithness), Gcderus chinensis L. (to 
Milford Haven), Galeomma Turtoni Turt. (to Weymouth), Car- 
dium acvleatum L. (to Isle of Man), Solen vagina L. (to north 
Ireland). 

It appears from the Mollusca of our Crag formations that at 
the time ot their deposition the temperature of our seas must 
have been considerably warmer than it is now. Thus in the 
Crag we find many species and even genera (e.g. Mitra, Possarus, 
Triton, Vermetus, BingicvXa, ChamcC^ which now occur no farther 
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north than tho southern coasts of the Channel, the west of 
France, and the Mediterranean. 

The Baltic, a sea specially liable to violent changes of tem- 
perature, with a large admixture of fresh water at its eastern 
end, appears to possess only about 65 species in all. More than 
50 genera occurring on the western coasts of Denmark do not 
enter the Sound. In the eastern portion of the Baltic marine 
and fresh-water species live together (p. 12). 

(4) The Lusitanian Sub~region extends from Cape Ushant 
in the north to Cape Juby (lat. 28°) in the south, and includes 
the whole of the Mediterranean, as well as the Azores, Canaries, 
and Madeira groups. 

The English Channel acts as an effectual barrier to the 
northward extension of many species; as many as 81 species 
which occur in western France do not reach British coasts 


(P. Fischer). At the same time, the western coasts of France 
are rather intermediate between the two sub-regions than 
distinctly Lusitanian, for between 50 and 60 Mediterranean 
genera do not occur on those coasts. 

The Mediterranean itself is exceedingly rich in species, about 
1200 in all (including deep-water species) being known. A 
certain number of these belong to tropical genera which here 
find their northern limit, e.g. Fdsciolaria, CaTicellaria, Sigaretus, 
Siliquaria, Chama, Spondylus. Here too occur Carinaria, 
Lohiger, Oxynoe, Pedicularia, Cypraea, Marginella, Mitra, Dolium, 
CassiSy Cassidaria, Pisaniay Euthriay VermetuSy Argonautay and 
many others. A few Celtic and even Boreal species, which occur 
on the western coasts of Morocco, do not enter the Mediterranean. 
Among these are Purpura lapilluSy Helcion pellucidum, and 
Telhna halthica, Halia, a rare West African genus akin to 
Plewrotomay is found in Cadiz Bay, and the West African Cym- 
hium occurs on the Spanish coasts as far as Malaga. 

The Black Sea, whose northern and western coasts are 
exceedingly cold, is comparatively poor in species. The Sea of 
Azof is chiefly characterised by forms of Cardium. 

(5) The West African Suh~region extends from Cape Juby to 
a point probably not very far south of lat. 30 S., the cold cur- 
rent which sweeps up from tlie Pole probably limiting the south- 
ward extension of tropical species on this side of Africa, while 
the warm Mozambique current on the eastern side permits the 
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spread of many Indo-Pacitic species almost as far south as the Cape. 
Owing to its extreme unhealthiness, and the absence of harbours, 

the sub-region is very little known. 

The principal genera are Cymhiurriy Fleurotorna, Marginella, 
Terehray Mitra, Agaroniay Mur ex ^ Caucellaria, Purpura, Pseud- 
oliva, Natica, Tellina, Lucina, Tugonia, Schizodesma, and Area. 
Studer has enumerated as many as 55 species common to West 
Africa and the opposite American shores. The north and south 
equatorial currents, which circulate in this part of the Atlantic, 
probably transport the larvae from one coast to the other. Pur- 
pura coronata Lam., a characteristic West African species, is 
represented by a well-marked variety in Demerara. 

The Mollusca of St. Helena (178 known species) most 
resemble those of the West Indies, 50 per cent being common, 
while 30 per cent are common to the MediteiTaiiean. From 
Ascension Island only 33 species are known, which in their 
general relations resemble those of St. Helena.^ 

(6) The South African Sub-region extends along the coast 
frorn about lat. 30° on the west, to about East London on the 
east. Mr. G. B. Sowerby enumerates 740 species from ' South 
Africa,’ but includes in this list Natal species, which more properly 
belong to the Indo-Pacific fauna. Of these 740, 323 are 
peculiar, while 67 also occur in European seas, some being 
familiar on our own shores. It is remarkable to find in a sub- 
region separated from ourselves by the whole width of the tropics, 
such well-known forms as Mangilia costata Don., M. septangularis 
Mont., Cylichna cylindracea Penn., Pholas dactylus L., Solen 
marginatus Pult., Cultellus pelluxidus Penn., Ceratisolen legumen 
L, Lutraria ohlonga Chem., Tellina fahula Gmel., T. tenuis Da C., 
Modiolaria discors L, and many others. 

The leading genera are Euthria, Triton, Cominella, Bullia, 
Nassa, Cypraeovula, Oxystele, Fissurella, Fissurellidaea, Patella, 
and Chiton. 

The Mollusca of Kerguelen Island and the Marion and 
Crozets groups show relationship partly with South America, 
partly with the Cape, and partly with South Australia and New 
Zealand, thus showing some trace of a circumpolar antarctic fauna 
corresponding to, but not nearly so well marked as that of the 
circumpolar arctic sub-region. Among the remarkable forms 

* E. A. Smith, F. Z. S. 1890, i)p. 247, 317. 
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B. The Indo-Pacific Region 

“ificUt s"?! It “7' ““ 

to the Sandwit Wanll “''"''“■““'V Archipelago. Polyneaia 

^-srSsHH ~ 

EC irs-risrESc -jT-r: 

whik Sul-region proper (which includes the 

whole of this region except that part defined below as tho 

Japanese Sub-region) is by far the richest in the world. The 

marine Mollusca of the Philippines alone (in some respects the 

SOOrand 

00 species, and Jousseaume estimates Red Sea 
pecies at about 1000. Some prominent genera are veiy rich in 

?0 nT‘ K ^--nierates from Polynesia 81 speciesTf 

60 of which occur -on the Viti Is., 21 on the Sandwich Is., and 

only 14 on the Marquesas, where coral reefs are almost absent: 

82 species of Cgpraea, Viti Is. 44, Sandwich Is. 31, Marquesas 

AT? (besides 29 recorded by others), 

tJ ^ Is. 3 6, Marquesas 7. Of 5 0 existing 

3 9 occur in this region, and 1 0 out of 1 1 

The following important genera are quite peculiar to the 
region . Nautilus, several forms of Purpuridae, e.g. Bapana, 
Magtlus, Rapa, Melapium, and Ricinula ; Tudicla, several forms 
o Strombidae, e.g. Rostellaria, Tereiellum, Pteroceras, and Rimella ; 
Cxthara, Melo, Neritopsis, Stomatia, Malleus, Vulsella, Cucullaea, 

Tridacna, Hippopus, Libitina, Olaucomya, Anatina, Aspergillum, 
and many others. 

The number of species common to the Red Sea and 
Mediterranean is exceedingly small, some authorities even deny- 
ing the existence of a single common speciea The present 
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author, from an examination of the shells dredged hy Mac- 
Andrew at Suez, regarded 17 species as common, and Mr. K. A. 
Smith has confirmed this view with regard to 8 of the species in 
question.^ The Mollusca occurring in Post-pliocene beds at Suez 
show that Mediterranean species lived there in comparatively 
recent geological times. 

The opening of the Suez Canal appears to have already 
induced several species to start on their travels from the Mediter- 
ranean to the Red Sea and vice versd. Two Red Sea species 
{Max^tra olorina Phil., Mytilus varialilis Kr.) had in 1882 estab- 
lished themselves at Port Said, while two Mediterranean species 
{Pholas ddctylus L., Solen vagina L.) had reached Ismailia.^ 

(2) The Japanese Suh-region consists of the Japanese Islands to 
Niphon, together with Corea and a stretch of adjacent mainland 
coast of unknown extent. The warm Kuro Si wo current, sweep- 
ing up between Luzon and Formosa, permits tropical species to 
extend much farther north than on the opposite shores of America, 
where a cold polar current keeps them back. A certain number 
of species, however, are common to the two shores of the Pacific, 
and a few circumpolar species occurring on our own coasts reach 
Japan, e.g. Trophon clathratus, Puncturella noachina, My a arenaria, 
Modiola modiolus, Lasaea ruhra, and NucvXa tenuis. 

Among the characteristic genera are Fums, Siphonalia, Colum- 

barium, Hemifusus, Eapana, Chlorostoma, Pleurotomaria, Haliotis, 
and Cyclina. 


C. The Australian Region 


includes the Australian coast-line from about Swan R.^ (lat. 

32 S.) to Sandy Cape (lat. 25° S.), Tasmania, New Zealand, and 
the adjacent islands (except Lord Howe’s I.). 

(1) The Australian Suh-region ‘proper (which consists of the 


p t P- 380 f ; E. A. Smith. 

^ lo91| p* I# 

^ C. Keller, Neue Denksch. Schw. Gesell. xxviii. 1883, pt. 3 . 

» According to Tate {Trans. Hoy. Soc. S. Austr. 1887-88, p. 70), ‘Australian’ 
species predominate at Freemantle (32»), but Tenison-Woods {J. Hoy. Soc. N. S. Wales 
XXII. p 106) holds that the tropical fauna extends as far south as Cape Leeuwiii (34")’ 
and that the Australian forms are not predominant until the extreme south 
Tcimon-Woods regards Cape Byron (31°) as the limit of the tropical fauna on the 

^st coast, while some characteristic tropical genera reach Port Jackson, and a few 
(c.g. Cypraea annulus) Tasmania. 
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whole of the region excepting New Zealand and the adjacent 
islands) is detennined by the influence of the Antarctic Drift, 
which washes the whole of the southern coasts of Australia, and 
runs strongly northward between Australia and New Zealand. 
The E. Australian warm current from the north is checked at 
Sandy Cape by this cold current, and flows off to New Zealand, 
the western shores of which island are consequently much warmer 
than the eastern. On the western coast of Australia the 
Antarctic Drift has less force, and tropical genera accordingly 
range some 7 degrees farther south on the western than on the 
eastern coasts. 

The characteristic genera are Voluta (of which half the known 
species occur on Australian coasts ^ ), Cominella, Siphcncdia, 
Struthiolaria, Risella, Phasianellay a number of genera belonging 
to the Trochidae, e.g. Liotia, Clanculus, Euchelus, Thcdotia, 
ElenchuSy Trochocochlea, Zizyphinus, Bankivia; Trigoniay Myodoray 
Myochamay Solenomyay Ephippodonta, Anapay Mylitta, Mesodesma, 
and Chamostrea. Trigoniay originally discovered as a recent 
form in Sydney Harbour (p. 65), is not peculiar to that locality, 
occurring also off Cape York, West Australia, and Tasmania. 

(2) The Neozealanian Suh-region includes New Zealand, with 
the outlying islands (Chatham, Auckland, and Campbell Is.). 

As many as 455 species (Cephalopoda, 8 ; Gasteropoda, 311 ; 
Scaphopoda, 2 ; Pelecypoda, 134) have been enumerated by Professor 
F. W. Hutton as occurring within the sub-region, of which only 
64 are found elsewhere, the proportion of peculiar species being 
thus nearly 86 per cent. New Zealand therefore is, in its marine, 

no less than its land Mollusca, greatly isolated. 

The characteristic genera are Anthoray Cryptoconchus, and 
Vanganellay which appear to be quite peculiar, TrophoUy Cominellay 
Euthriay most of the Trochidae also characteristic of S. Australia, 
HaliotiSy Patella ; Tariay Mesodesma, Mylittay Zenatia, Standella, 

and Myodora. 

D. The American Region 

includes the entire coasts of North and Soutl. America with the 
adjacent islands, south of Cape Avinoff on the western, and sou 

> A full account of the distribution of Volvta is given by Crosse, Jmim. de Conchyl. 
(3)xix. p. 2G3. 
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of Cape Cod on the eastern coast, the portions north of these 
points belonging to the Arctic Sub-region. 

(1) The Aleutian Sub-region consists of the islands of Yesso and 
Saghalien, with the adjacent shores of the Sea of Okhotsk to Cape 
Lopatka, the Aleutian Is., and the west American coast from about 
Cape Avinoff (lat. 60° N.) to St. Jean de Fuca Straits. 

A certain number of species, probably of arctic origin, are 
common with British and also with East American shores, the 
former being the more numerous. Species as familiar to us as 
Lacuna divaricata Fabr., Trichotropis borealis Brod., Fholas 
crispata L, Mya truncata L., M. arenaria L, Mytilus edulis L., 
and Modiolaria nigra Gray, occur. The more characteristic 
genera are Chrysodomus, Volutliarpa, Buccinum, Tectura, Scurria, 
Chiton, Cryptochiton {Cr, Stelleri Midd. is by far the largest 
. known of the Chitonidae, 6 inches long), Tellina, and Pecten. 

(2) The Californian Sub-region extends from St. Jean de Fuca 

Straits (lat. 48° N.) to Cape St. Lucas, the Gulf of California 

belonging to the Panamic sub-region. The northern polar current, 

which washes the shores of this sub-region throughout their whole 

extent, prolongs the southward range of the more northern genera, 

and keeps back those more markedly tropical, the latter, however, 

creeping northward in the warmer waters of the Gulf of California! 

Some authorities subdivide this immense stretch of coast-line, as 

characterised by sub - temperate, temperate, and sub - tropical 

genera, into the Oregonian, Californian, and Lower Californian 
provinces. 

The characteristic genera are — in the north, Argobuccinum, 
Zizyphinus, Chlorostoma, Tectura, Scurria, Chiton {Katharina, 
Mopalia, Tonicia), Cryptochiton, Placunanomia, and Mytilimeria ; 
in the centre. Purpura, Monoceros, Amphissa, Norrisia, Platyodon, 
Tapes, and Macoma ; and, towards the south, Olivella, Chorus, 
Macron, Pseudoliva, Trivia, and Haliotis. 

(3) The Panamic Sub-region extends from the head of the 
Gulf of California to Payta in Peru (lat. 5° S.). It is exceed- 
ingly rich in species, about 1500 having been described. The 
Mollusca are entirely distinct from those of the Indo-Pacific 
Region, which, although extending from Natal to the Sandwich 
Islands, are unable to pass the enormous extent of sea which 
separates the nearest Polynesian island from the American coast. 

On the two sides of the isthmus of Panama there occur certain 
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pairs of species, which, wliile specifically distant, are evidently 
closely related to one another. Amongst these are, on the 
Panamic side, Purpura speciosay Cypraea cervinettay Cassis ah^ 
hreviatay Natica Cherrinitziiy and Stromlus graciliory correspond- 
ing to Purpura deltoideay Cypraea exanthemay Cassis injlatay 
Natica maroccaruiy and Stromhus pugiliSy on the Caribbean. It is 
reasonable to conclude that these “ analogous species ” are 
descendants of a stock which was common to both seas when the 
isthmus was open (probably not later than Miocene times), and 
which have, since the closing of the isthmus, become modified, 

some species considerably more than others. 

Among the characteristic genera (compare p. 3) are ConuSy 
Pleurotomay Terehray MureXy Purpuray Olivay Northiay CantharuSy 
Columlellay AuachiSy CypraeXy StrombuSy Cerithiurriy Coecuniy 
CrepidulXy CrucihulurUy Vitrinella ; Tellinay SemelCy Tellidora ,* 


and Area, 

(4) The Peruvian Sub-region extends from Payta in Peru to 
about the latit^ude of Conception in S. Chili (37 S.), being 
checked from further extension southward by the cold Humboldt 
current, whose force is distinctly felt as tar north as Callao. This 
cold current thus produces the same results as the similar current 
which impinges on S. Africa, but has even more effect in decisively 
separating the fauna on the two sides of the great peninsula, 
scarcely a single species being common to the western and eastern 
coasts of S. America. The characteristics of the coast-Unes them- 
selves contribute to this result. The Chilian coast is rocky, and 
descends abruptly to a great depth, while that of Patagonia and 
Argentina is sandy and very shallow to a great distance from 


land. 

The characteristic genera are CancellariXy Colvmbellay MonoceroSy 
Concholepas, TrocUta, Fissurella, Chiton; Ceronia, McdleUa, an 
Cumingia. Some of the Californian genera, absent ^ poorJy 
represented in the Panamic Sub-region, reappear in > 

Scwrriay Tecturay and Chlorostoma, i 

C5) The Magellanic Suh-region includes the coas - ine 

adjacent islands (with the Falldands) from Conception 

S. Chili to about Port Melo in Eastern Patagonia (lat. 45 

The principal genera (many of which find a 

gigantic Macrocystis which grows on every rock at low ^ ^ 

Euthria, Voluta ( 6 species, one, V. magellamca, the larges 
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Monoceros, Photinula, Patella, Chiton ; Modiolarca, Malletia, and 
Mulinia. Several genera, characteristic of the Boreal and Arctic 
sub-regions, recur, e.g. Trophon, Admete, Margarita, Puncturella, 
Cyamium, and Astarte. 

(6) The Argentinian ^ Sub-region extends from about Cape 
Melo ill Patagonia to the neighbourhood of S. Caterina I. in 
South Brazil (lat. 28° S.). The sub-region stands in the same 
relation to the Magellanic, on the east coast, as the Peruvian sub- 
region on the west, but, owing to the influence of the warm 
Brazil current, which overpowers the colder water of the Falkland 

branch of the Cape Horn current, it reaches a point much farther 
south. 

The MoUusca are not well known. The prevailing genera 
appear to be Oliva, Olivancillaria, Voluta, Bullia, Crepidula ; 
Periploma, and Lyonsia. 

(7) The Caribbean Sub-region extends from S. Caterina I. in 

the south to Florida in the north, and includes the shores of the 

Gulf of Mexico and the whole of the West Indies. The influence 

of the warm Brazil current (a branch of the South Equatorial) 

carries the range of the purely tropical species to a point much 

farther south than is reached by the tropical species on the west 
coast. 


The sub-region is very rich in species, especially on the coral 
reefs of the Bahamas and N. Cuba, but the exceedingly small 
tide-faU makes shore collecting somewhat diflicult beyond a certain 
point. The leading genera are Murex, Purpura, Melongena, 
Latirua, Marginella, Strombus, Triton, Cerithium, lAttorina, 
Nerita, Scalaria ; Tellina, Strigilla, Lucina, and Venus. Pleuro- 

tomaria, a genus long regarded as extinct, has been dredged alive 
off Tobago. 

As compared with the tropical fauna of the Old World, that 
of the New World is poor in peculiar genera (compare p. 368). 
The relations of this sub-region to the West African and tha 
Panamic have been already dealt with (pp. 367 and 372). 

(8) The Transatlantic Sub-region extends from Florida to Cape 
Cod (see p. 364). In the north the limits of the sub-region are 
distinctly marked, in the south Caribbean species intermingle. 


1 Usually known as ‘ Patagonian,’ but since tlio Magellanic Sub-region includes 
a considerable part of Patapnia, and since the greater part of sub-region (6) lies out 
of 1 atagonia. it has been thought advisable to change the name. ^ 
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Gould and Binney,in their Inverteirata of Massachusetts, enumerate 
275 species (Cephalopoda, 6 ; Gasteropoda, 159 ; Scaphopoda, 2 ; 
Pelecypoda, 108), of which 59 (Gasteropoda, 37; Pelecypoda, 
22) are British. 

Among the characteristic genera are Urosalpinxc, Eupleura, 
Fulgur, Ftychatractus, Nassa, Crepidula ; Solenomya, Mactra, 
Cypricia, Raeta, Astarte, and Yoldia, Our common Littoriim 
littorea appears to have been introduced into Nova Scotian 
waters in about 1857, no previous trace of it occurring either in 
literature or shell-heaps. Since then it has spread rapidly into 
the Gulf of St. Lawrence, and also as far south as Newhaven, and 
is said to be driving out the indigenous L, palliata from New 
England shores.^ The debt has been repaid by the introduction 
into British waters of the American clam ( Venus mercenaria L.), 
which, according to the Manchester City News of 23rd March 
1889, was first observed in the Humber in 1864, and has 
steadily increased up to the present time, when it bids fair to 
compete, in those waters, with the familiar Cardium edule. 

Characteristics of Abyssal MoUusca. — Large shells appear 
to be rare in the great ocean depths, and are usually very fragile ; 
even moderately - sized specimens are far from common. The 
only group in which species occur larger than the usual size is 
the Nudibranchs, which are represented by at least one form 


larger than an orange. 

It would seem that abyssal molluscs are much less active and 
energetic than their brethren on the shores. This view is 
favoured by the looseness of their tissues, which seem ill adapted 
for prompt and vigorous action. The tenacious character of the 
mud on the ocean floor must make rapid motion very difficult. 
The shell itself is usuaUy fragile and deUcate, the upper layers 
of arragonite being thin as compared with shaUow-wa 

peculiar iridescence or sheen. The colour m the sheU ^P 

MoUusca is never very pronounced, and M often al)»n = 

Light pink and salmon, pale yeUow and brown, are 
If the colour is in pattern, it is usually m the fo,™ of n^J 
of spots, which sometimes coalesce into bands „ 

sculptiwe. stout knobs and powerfully buttressed varices, such 

• Anicr, Nat, xx. p. 931. 
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occur in the tropical Murex and Furpuray are not found in deep- 
sea species. But the ornamentation is frequently elaborate, and 
the sculpture rich and varied. There is an especial tendency 
towards strings of bead-like knobs, revolving striae, and delicate 
transverse waves, the sculpture being in many cases of a 
character which tends to strengthen the structure of the shell, 
like the ridges in corrugated iron. 

A remarkable feature in some deep-sea Mollusca is their 
singular resemblance, in shape, and particularly in the possession 
of a strong green periostracum, to some of our common fresh-water 
species. A.ccording to Dr. Dali, the cause of this phenomenon 
is the same in both cases. The fresh-water Mollusca secrete a 
strong periostracum, in order to protect the shell against the 
corrosive influence of the carbonic acid gas with which the water 
is surcharged. The shells of deep-sea Mollusca, living, as they 
do in water probably undisturbed by currents of any kind, have 
to protect themselves against the same eroding influence, and do 
so in the same way.^ 

Mollusca which live exclusively on algae and other forms of 
plant life are almost entirely wanting in the great depths, where 
vegetation is probably unknown. The struggle • for existence 
must be much less keen than in the thickly populated shallows, 
where vicissitudes of every kind occur. The absence of rapid 
motion of water must obliterate many of those mechanical effects 
which tend to produce modifying influences upon the animals 
afiected. In the absence of circumstances tending to cause varia- 
tion, in the unbroken monotony of their surroundings, species 
must, one would think, preserve a marked uniformity over an 
exceedingly wide area of range. 

Vegetable fo6d being wanting, those genera which in shal- 
lower waters never taste flesh, are compelled to become carnivor- 
ous. Characteristic of the great depths are very remarkable forms 
of Trochidae, in whose stomachs have been found the remains 
of Corallines and Foraminifera. According to Dr. Dali, the 
results of this diet show themselves in the greatly increased space 
occupied by the intestine, in the diminution, as regards size, of 
the masticatory organs, the teeth and jaws, and also in the pro- 
longation of the anal end of the intestine into a free tube, which 
carries away the excreta in such a way that they do not foul the 

* W . n. Dali, Proc, Biol, Soc. IVashingtoiiy v. p. 1 f. 
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water taken into the gills. The amount of nutriment contained 
in the bodies of dead Foraminifera is so small that a compara- 
tively large quantity must be swallowed to keep the vital 
energies active, and therefore the amount evacuated must be pro- 
portionately larger also. The abyssal Trochidae, then, and many 
other genera, sustain themselves by feeding on the ‘ rain ' of dead 
animal matter which falls upon the ocean floor, not so much 
hunting their prey as opening their mouths and eating what- 
ever happens to fall into them. Genera which are normally 
carnivorous would appear to do the same. The Pleurotomidae, 
for instance, are a family markedly characteristic of veiy deep 
water. Eepresentatives of the genus which occur in shallower 
water are known to secure their prey while in the living state. 
But, according to Dr. Dali, a singularly small proportion of deep- 
sea Mollusca, as compared with those from the littoral region, 
show signs of having been drilled or attacked by other Mollusca. 
This could hardly be the case if the Pleurotomidae retained their 
predatory habits, since they are more numerous in the great 
depths than any six other families taken together. It has 
already been mentioned (p. 186) that a large proportion of deep- 
sea Mollusca are perfectly blind. 

Amongst other remarkable forms from the great depths may 
be mentioned Fleur otomaria^ with its singular anal slit (Fig. 269, 
p. 407) extending in some cases half-way round, the last whorl. 
Three or four species of this genus, so characteristic of almost aU 
fossiliferous strata down to the Cambrian, have been obtained in 
very limited numbers off the West Indies and Japan. Dentaliidae, 
especially the sub-genus Cadulus, find a congenial home in the 
slimy ocean mud. One of the greatest molluscan treasures procured 
by the Challenger was Guivillea alahastrina Wats., a magnificent 
Volute as white as alabaster, 6^ inches long, which was dredged 
from 1600 fath. in the South Atlantic, between Marion Island 
and the Crozets. Another veiy curious form, belonging to the 
same family, is Provocator pulcher Wats., a shell about half the 
size of Guivillea, of stouter proportions, and with an angulated 
and patulous mouth. This shell was dredged by the Challenger 
in comparatively shallow water (105-150 fath.) off Kerguelen 
Island. Among the Trochidae are the fine new genera Basilissa, 
Bemhix, and Gaza. The exploring voyages of the American sur- 
veying steamer Blake, in the Gulf of Mexico and the Caribbean 
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Sea, have given us the remarkable new forms Benthohia (possibly 
akin to Admete), Mesorhytis (a sub-genus of Fasciolaria hitherto 
only known from the Cretaceous of North America), and Bentho- 
dolium (possibly = Oocorys), a genus akin to Cassis, 

In his report on the Pelecypoda obtained by the Challenger, 
Mr. E. A. Smith remarks that as a rule 'Wery deep-water 
‘ benthal ' species certainly have a tendency to be without 
colour and of thin structure, facts no doubt resulting from the 
absence of light, the difficulty of secreting lime, the scarcity of 
food, and other unfavourable conditions of existence.” At the 
same time, he notices that most of the species obtained belong to 
genera which, even when occurring in shallow water, are thin and 
colourless, e.g. Neaera, Lima, Cryptodon, Ahra, Verticordia, etc. 
Deep-water species of such genera as have a decided periostracum 
{Malletia, Limopsis, Leda, Nucula, Area) retain it with little if 
any modification. The deep-water Pelecypoda of the Atlantic 
and Pacific Oceans present no special features of interest. The 
species are few in number, and the genera are not remarkable 
either for novelty or peculiarity of form. 

The greatest depth at wnich Pelecypoda have been obtained 
is 2900 fath. mid North Pacific {Callocardia pacijica Sm., Air a 
profundorum Sm.) ; the greatest depth at which Gasteropoda have 
been obtained is 2650 fath. South Atlantic {Stylifer iry chins 
Wats.), both by the Challenger, The deepest Challenger Nudi- 
branch came from 2425 fatL, and the deepest Chiton from 2300 

fath. The greatest depth ever dredged is 4575 fath. off the east 
coast of Japan. 


CHAPTER XIII 


CLASS CEPHALOPODA 

The Cephalopoda present a complete contrast to the majority of 
the Mollusca in habits and in many points of organisation. > In 
their power of rapid movement and their means of progression, 
their extreme ferocity and carnivorous habits, their loss, in so 
many cases, of a shell, and in its constitution when present, in 
the general symmetry of their parts, in their reproductive and 
nervous system, they stand in a position of extreme isolation 
with nothing to connect them with the rest of the phylum. 

Professor A. E. Verrill has collected many interesting details 
with regard to gigantic Cephalopoda occurring on the north- 
eastern coasts of America. From these it appears that the 
tentacular arms of some species of Architeuthis measure as much 
as 32, 33, 35, and 42 feet in length, while the total length, 
including the body, sometimes exceeds 50 feet. Even off the 
Irish coast a specimen was once captured whose tentacular arms 
were 30 feet long, the mandibles 4 inches across, and the eyes 
about 1 5 inches in diameter.^ The strength of these giant 
Cephalopods, aided as they are by formidable rows of suckers and 
other means of securing a grip, is almost incredible. Cases are 
not uncommon, in which persons diving or bathing have been 

attacked, and have with difficulty made their escape. 

Great damage is frequently inflicted by Cephalopoda upon 
shoals of fish on our own coasts. Off Lybster (Caithness) 
and Ommastrephes devour the herring, large numbers of which are 
cut up and bitten on the back of the neck by these creat^ea 
On the American coasts the mackerel fisheries are sometimes 
entirely spoiled by the immense schools of squid which infest the 

1 Trans, Connect, Acad, v. p. 177 ; Zoologist, 1875, p. 4502. 
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Bay of St. Lawrence.^ Wlieii excited in the pursuit of fish 
Cephalopoda leap high out of the sea. Dr. W. H. Rush ^ relates 
that when about 300 miles off the coast of Brazil, a swarm of 
hundreds of decapods flew from the water and landed on the 
deck of the ship, which was 12 feet above the surface level, and 
they had to go over the hammock nettings to reach it. 

The common Octopus vulgaris Lam., of our own and the south 
European coasts, inhabits some rocky hole, the approaches to 
which, like the den of a fabled giant, are strewn with the bones 
of his victims. Homer himself knew how hard it is to drag the 
polypus out of his hole, and how the stones cling last to his 



Fig. 238. — Octopus 
vulgaris Lain., 
Naples : A, At 
rest ; B, in mo- 
tion ; /, funnel, 
the arrow show- 
ing the direc- 
tion of the pro- 
pelling current 
of water. (After 
Merculiano. ) 


suckers. The colour-changes, which flit across the skin of the 
Octopus, appear, to some extent, expressive of the different emotions 
of the animal. They are also undoubtedly protective, enabling it 
to assimilate itself in colour to its environment. Mr. J. Hornell ^ 
has noticed an Octopus, while crawling over the rock-work in his 
tank, suddenly -change the colour of the whole right or left side 
of its body, and of the four arms on the same side, to a &nowy 
whiteness. They have also been seen to change colour, as if 
involuntarily, according to the material on which they crawl. 

* Hep. Stuitek Fish, iii. ISS."*, App. F, }>. G7. 

\tinliliis, vi. 1802, p. S2. ^ Joiiru. Mur. Zool. i. pp. p 
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The nerve-centres which control the chroma tophores or pigment 
cells, causing them to expand or contract, are found to connect 
with the optic ganglia ; hence the changes of colour may be 

regarded as a reflex result of the creature's visual perception of 
its surroundings. 


Order Dibranchiata 

I ' 

Cephalopoda with two symmetrical branchiae, funnel com- 
pletely tubular, mouth surrounded by 8 or 10 arms furnished 
with suckers or hooks, ink-sac and fins usually present, eyes with 
a lens ; shell internal or absent. // 

The Dibranchiata are not known from Palaeozoic strata, and 
first appear (Belemnites, Belemnoteuthis) in the Trias. Whether 
they are to be regarded as derived from some form of Tetra- 
branchiata, e.g. Orthoceras, or as possessing an independent origin 
from some common stock, cannot at present be decided. They 
attain their highest development at the present time. The 
earliest representatives of the Order (the Phragmophora) possessed 
a shell chambered like that of the Tetrabranchiata. These 
chambered Dibranchiates rapidly reached their maximum in the 
upper Lias and as rapidly declined, until at the close of the 
Cretaceous epoch they were comparatively scarce, only a few genera 
{Bdoptera, Spirulirostra) surviving into Tertiary times. 

\| The ordinary Dibranchi^ Cephalopod may be regarded as 
consisting of two parts — (a) the head, in which are situated the 
organs of sense, and to which are appended th^pr^ensile organs 
and the principal organs of locomotion ; (J) a trunk or visceral 
sac, enclosed in a muscular mantle and containing the respir- 
atory, generative, and digestive organs. The visceral sac is often 
strengthened, and the viscera protected, by an internal non-spiral 
shell The ' arms ' which surround the mouth are modifications 
of the molluscan foot (p. 200), and are either eight or ten in 
number. In the former case (Octopoda) the arms, which are 
termed ' sessile,' are all , of similar formation, - in the latter 
(Decapoda), besides the eight sessile arms there are two much 
longer ' tentacular ' arms, which widen at their tips into c u s 

covered with suckers. 

Remarks have already been made on the generative organs 
of Cephalopoda (p. 136 f.), the branchiae (p. 170), the nervous 
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system (p. 206), the eye (p. 182), tlie raduLi (p. 286), and the 
ink-siic (p. 241). 

k^’^^ne of the most chamcteristic features of the Dihraiichiata 
are the acetabula, or suckers, with which the 
arms are furnished. They are usually disposed 
on the sessile arms in rows (of which there are 
four in most Sepia, two in Octopus, and one in 
Elcdone), and become more numerous and smaller 
at the tip of the arm. They are massed together 
in large numbers of unequal size on the ‘ clubs ’ 
in the Decapoda, particularly in Lolifjo. In most 
Octopoda their base is flush with the surface of 
the arm, but in Decapoda the acetabula are ped- 
unculate, or raised on short stalks. In Octopoda 
again, the acetabula are fleshy, throughout, but 
in the Decapoda they are strengthened by a 
corneous rim with a smooth or denticulate edge 
{Ommastrephes, Architeuthis). Many of the 
acetabula on the tentacular and sometimes on Fig. 239. 
the sessile arms of the Onychoteuthidae enclose 
a powerful hook, which is retractile like the 
claws of a cat. 

In mechanical structure the acetabula consist 
of a disc with a slightly swollen margin, from which a series of 

muscular folds converge towards the centre of the 
disc, where a round aperture leads to a gradually 
widening cavity. Within this cavity is a sort of 
button, the c aruncle , which can be elevated or 
depressed like the piston of a syringe ; thus when 
the sucker is applied the piston is withdrawn and 
^ ^ vacuum created (Owen). 

Fig. 240. — One ^ / 

of the suckers In luauy Octopoda the arms are connected by 

^ umbrella), which sometimes extends up 

ing the denti- the greater part of the arms {Cirrhoteuthis, some 

and cornwus ^^^done), at otliers occurs only at the base. The 
ring; p, ped- use of the umbrella is perhaps to assist in loco- 

motion, by alternate contraction and expansion. 

A cartilaginous skeleton is well developed, especially in the 
Decapoda. In Sepia a cephalic cartilage forms a complete ring 
round the oesophagus, the eyes being situated in lateral prolomui- 


- ‘ Club ’ 
of Loliyo vul' 
garis L. , show- 
ing the crowded 
pedunculate ace- 
tabula. X 
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tions of llie same. In front of the cephalic cartilage occurs a 
piece like an inverted T, which supports the base of the anterior 
aims. The ])ecapoda have also a ‘ nuchal ' cartilage, connecting 
the head with the anterior dorsal portion of the mantle, while 
cartilaginous knobs on the ventral mantle button into correspond- 
ing sockets on the funnel. 

Sub-order I. — Octopoda . — Body round or bag-like, generally 



Fk;. 241. — Cirrhoteuthis magna Hoyle, S. Atlantic, 
web have been removed : /, funnel ; fh Ji, bus ; m 


Two of the left arms and their 
, mouth. (After Hoyle, x /a.) 


without fins, arms eight, suckers fleshy, usuallj sessile, 
paired, no nidamental glands, shell absent. 

Kam. 1. Body T' n 1^’ 

arms in great part united by a web ; one row iiT sm. , 

will, cirrbi on each side.-Atlantie and 1’acit.c Oceans, dee) 

water (Fig. 241). ^ witli 

Fam. 2. Ami)hitretidue.—\ioi\y gelatinous, mantle fu. 
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the tunnel in the median line, forming two openings into the 
V)vancliial cavity ; arms with one low of suckers ; umbrella 
extending more than two-thirds up the arms. — South l^acitic 
(Fig. 242). 

The two pocket-like openings into 
the branchial cavity are unique among 
Ceplialopoda (Hoyle). 

Fam. 3. Argonautidae. — Female 
furnished with a symmetrical, unilo- 
cular shell, spiral in one ])lane, secreted 
by thin terminal expansions (the veld) 
of the two dorsiil arms, no attach- 
ment muscle ; suckers in two rows, 

])edunculate ; male very small, without 
veligerous arms or shell. — All warm 
seas (Fig. 243). Fliocene . 

The shell consists of three layers, 
the two external being prismatic, the 
middle fibrous. Its secretion by the 
arms and not by the mantle edge is 
unicpie, and shows that it is not homologous with the ordinary 
molluscan shell. 

Tlie great controversy on the Argonanta, which once raged 
with so much fierceness, is now matter of ancient history. It 



Fig. 242. — Amphitreius pela- 
(jicus Hoyle, oil' Kernuuiee 
Is.: e, eyes ; funnel ; jy, 
right iniuitle- pocket. (After 
Hoyle.) 



Fio. 243 . — Argouania argo 
L., the position assumed 
by a specimen kept in 
captivity, the arrow show- 
ing the direction of move- 
ment:/, funnel ; ?«, mouth, 
with jaws projecting ; *7/, 
shell, with arms as seen 
tlirough it ; wa^ webbed 
arm clasping shell. (After 
Lacaze-Duthiers. ) 


seems 
two uf 


sc-aiwly cre(lil)le that V)etwcen fifty and sixty years ago, 
the leading zoologists of the day, Mr. (Iray and M. dc 
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Llainville maintained that the animal which inhabits the 
Aigonaut shell is a parasite, witliout any means of depositing 
or forming a shell of its own, but which possesses itself of the 
Argonaut shell, either by expelling or succeeding the original 
inhabitant, a supposed nucleo-branchiate (Heteropod) mollusc akin 
to Carinaria, The final blow to this strange hypothesis — which 
was urged by the most ingenious series of arguments — was given 
by Professor Owen, who in 1839 brought before the Zoological 
Society of London the admirable observations of Madame 
Jeannette Power, who made a continuous study of a number of 
specimens of Argonauta in her vivarium at Messina. The 
result of these observations tended to show that the young 
Argonauta when first excluded from the egg is naked, but that 
in ten or twelve days the shell begins to form ; that the 
principal agents in the deposition of shell are the two velated or 
web-like arms ; and that portions of the shell, if broken away, 
are repaired by a deposition of calcareous matter.^ 

Fam. 4. Philonexidae. — Mantle supported by two ridges 
placed on the funnel ; large ' aquiferous ' pores (supposed to 
introduce water into the tissues) near the head or funnel ; suckers 
in two rows, pedunculate. — Atlantic and Mediterranean. 

Genera : Ocythoe, arms of unequal size, no intervening mem- 
brane, third arm on the right hectocotylised (see Fig, 51 p. 138), 
two aquiferous pores at the base of the siphon ; male very small ; 
Tremoctopics, two aquiferous pores between the eyes, two on the 
ventral side of the head. 

Fam. 5. Alloposidae, — Mantle edge united to the head by 
three commissures ; arms extensively webbed, acetabula sessile. 
Hectocotylised arm developed in a fSIvity in front of the right 
eye. — N. Atlantic. 

Fam. 6. Octopodidae. — Head very large, arms elongated, 
similar, more or less webbed, acetabula usually in two rows, sessile ; 
mantle supported by fleshy bands, no cephalic aquiferous pores. 

In Octopus proper the web is usually confined to the lower 
part of the arms ; Fischer separates off as Pter octopus a form in 
which it reaches almost to their extremity. The third right 
arm (Fig. 52, p. 140) is hectocotylised, the modified extremity 
being, according to Hoyle, sometimes minute, sometimes spoon- 
shaped, with a tendency to transverse ridges, rarely slender and 

* Ilep, BriL Assoc. 1844, Transactions p. 74 ; P. Z. S. 1839, p. 35. 
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very long. The relative lengtli of the pairs of arms varies in 
different species. Two cartilaginous stylets, imbedded in the 
dorsal mantle, are said by Owen to represent the shell. 

Other genera ; Finiioctopus, body furnished with broad lateral 
wings which meet at the posterior end ; Cisto2)us, a large web 
prolonged along the sides of 
the arms, fitted with oval 
aquiferous pouches, with pores 
at their base, between each 
pair of arms ; E/edone (Fig. 

244 ), one row of ace tabula ; 

TritaxeopuSy lapetella. 

Sub-order II. — Decapoda. 

— Body oblong, mouth sur- 
rounded by four pairs of sessile 
and one pair of tentacular amis, 
the latter terminated by a 

‘ club ' ; acetabula pedunculate 
and furnished with a corneous Fig. ^W.—Kledone Aldrnvamli Belle Chiaje, 

. , , *111 Naples, from ventral side. x A. 

margin ; mantle margin locked 

to the base of the funnel by a cartilaginous apparatus ; head and 
anterior part of body furnished with aquiferous pores ; fins 
present ; mandibles corneous ; oviduct single, large nidamental 
glands in the female ; shell internal. 

The tentacular arms, wdiich are the principal external feature 
of the Decapoda, are not derived from the same muscular ring as 
the sessile arms, but arise from the cephalic cartilage, and emerge 
between the third and fourth arm on each side. In Sepia they 
can be entirely retracted iif%o a kind of pocket behind the eyes, 
while in Loligo they are simply folded over one another. In 
Chiroteuthis the arms are six times as long as the body, and the 
clubs have four rows of denticulate suckers. 

The anterior ventral ^ portion of the mantle is furnished with 
a singular contrivance for locking it to the funnel, and so render- 
ing the whole animal more capable of resisting the impact of any 
force. This contrivance generally consists of a series of ridcres 
or buttons which fit into grooves or button-holes, the ridges being 
on the interior face of the mantle and the corresponding grooves 

' It is convenient, but not morphologically correct, to ap)>ly the- terms ‘ventral* 
and ‘dorsal’ in this sense. 

VOL. Ill 2 C 
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on the funnel, or vice versd. This ^ resisting apparatus ' is most 

elaborate in the pelagic genera, and least so in the more sluggish 

littoral forms. A similar, but not so complex, arrangement 
occurs also in the Octopoda. 

1 he diffeient forms of the shell appear to indicate successive 
stages in a regular course of development. We have in Spirula 
(tig. 24/) a chambered shell of the Tetrabranchiate type, but of 

considerably diminished size, which has ceased to 
contain tlie animal in its last chamber, and has 
become almost entirely enveloped in reflected folds 
of the mantle. These folds gradually concresce to 
form a definite shell-sac, by the walls of which are 
secreted additional laminae of ciilcareous shell - 
substance. These laminae invest the original 
shell, which gradually (Spirulirostra, Belosepia) 
loses the spiral form and becomes straight, eventu- 
ally disappearing, while the calcareous laminae 
alone remain (Sepia), These in their turn dis- 
appear, leaving only the plate or ‘ pen ’ upon which 
they were deposited (Loligo), which itself also, 
with the shell -sac, finally disappears, surviving 
only in the early stages of Octopus (Lankester). 

The JJecapoda are divided, according to the 
character of the shell, into Phragmophora, Sepio- 
phora, and Chondropliora} 

A. IhiKAGMOPHOKA. — Arms furnished with 
, hooks or acetahiila ; shell consisting of a phraq- 

Fro. 245, — ‘Club ’ 

of Onychoteu- vioco'tie OF chambered sac enclosed in a thin wall 

ing^ the* hooks conothcca), Septa pierced by a siph uncle near 
and clusters of the veiitral margin (in Spirula alone tliis cliain- 

and°\ceUbula fomis the whole of the shell). The 

below them, apex of the coiie lies towards the posterior end of 

^ the body, and is usually enveloped in a calcareous 

gvAird or rostrum. Beyond the anterior end of the rostrum the 
conotheca is extended forward dorsally hy a pro-ostracum or 
anterior shell, which may be shelly or horny, and corresponds to 
the gladius of the Chondrophora. The rostinim consists of 
calcareous fibres arranged perpendicularly to the planes of the 
laminae of growth, and radiating from an axis, the so-called 

1 tppayfuos, partition ; ffriTriop, cuttle- bone ; cartilage. 
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apical line, which extends from the extremity of the phragmocone 
to that of the rostrum. Distribution, see p. 380. 

Fam. 1. Spirulidae, — Arms with acetahula, shell a loose 
spiral, without rostrum or pro-ostracum, partially external, 
enclosed in two lobes of the mantle (Figs. 247 and 248). 

The single species of the single genus {S. Peronii I^m. = laevis 
Gray) has not yet been thoroughly investigated, although the 
shell occurs m thousands on many tropical beaches, and is sonie- 
times drifted on our own shores. The animal appears to have 
the power of adhesion to the rocks by means of a terminal sucker 
or pore. The protoconch is present, 
and contains a prosiphon, which does 
not connect with the siphuncle. The 
septal necks are continuous, not broken 
as in Nautilus. The siphuncle is on 
the ventral margin of the shell, the 
last whorl of which projects slightly on 
the dorsal and ventral sides, but is 
even there covered by a thin fold of 
the mantle. The retractor muscles of 
the funnel and of the head find their 
point d'appui on the shell, the last 
cliamber of which contains the pos- 
terior part of tiie liver, with which the 
membranous siphuncle is connected. 

Fam. 2. Behmnitidae. — Arms hooked 
as in Onychoteuthis, fins large ; phrag- 
mocone straight, initial chamber globu- 
lar, larger tliaii the second, rostrum 
often very long, investing the phrag- 
mocone, pro-ostracum sword- or leaf- 
shaped, rounded in front, seldom pre- 
served, ink-sac present. — Lower Lias 
to Cretaceous. 

The Belemnitidae are believed to have l)een gregarious, and to 
have lived in shallow water on a muddy bottom. Specimens are 
sometimes found in which even the ink-s^ic can be recognised in 
situ. The relative proportions of rostrum and phragmocone vary 
greatly in different groups, the rostrum being in some cases 
two feet long, in others only just enclosing the phragmocone. 



Fig. *246 . — Sepia officiiudis L., 
with mantle cut away to 
show position of internal 
shell. X (The ends of tlie 
tentacular arms are cut olf.) 
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As a rule the rostrum is the only portion which has been 
preserved. 



Fam. 3. Belosepiidac . — Phragmocone short, slightly curved, 
chambers small, placed at the posterior end of a sepion, rostrum 
solid, obtuse. — Eocene (Paris, Bracklesham, etc). 

Fam. 4. Belopteridae. — Sepion not known ; phragmocone 
curved, siphuncle on the ventral margin, rostrum well developed, 
pointed. Principal genus, Spirulirostra . — Miocene of Turin. 

These two families, with their small, curved 
phragmocone and (in the case of the Belose- 
piidae) large sepion, are clearly intermediate 


^lo. 247. — Shell of Spirula Peronii Lam A, Outside view ; B, 
showing last chamber and position of siphuncle ; C, in section, 
showing the septa and course of siphuncle ; D, shell broken 
to show the convexity of the inner side of the septa ; E, por- 
tion of a septal neck. 


Fio. 248 . — Spirula Per- 
uaii Lain. : ter- 

minal sucker ; /, 
funnel ; Sj, pro- 
jecting portions of 
shell, the internal 
part of which is 
dotted in. (From 
Owen and A. Adams 
combined.) 


between the Phragmophora and Sepiophora. Some authorities 

place them with the latter group. 

B. Sepiophora. — Shell internal, consisting usually of (a) an 

anterior cancellated portion, (i) a posterior laminated portion, 
the laminae enclosing air. It terminates in a very rudimentary 
phragmocone and a rostrum, but there is no siphuncle. 

Fam. Sepiidae,—Eje8 with cornea complete, 
narrow, lateral, as long as the body, generally, united behind; 
sessile arms short, tentacular arms long, acetabula generally in 
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four rows, fourth left arm in the male hectocotylised near the 
base (Fig. 249). — World- wide. 

The sepion or ‘ cuttle-bone ' runs the wliole length and width 
of the body. In Sepia it is very thick in front, while the 
posterior ventral end is concave and terminated by a prominent 
spine, the rostrum or mucrOy which points downwards. The 

whole shell is surrounded by a thin 
chitinous margin, which forms a 
lateral expansion. Other genera are 
Sepiellay HemisepiuSy and Trachyteu- 

this (fossil only). 

C. Chondrophora. — S hell 

or pen) long, chitinous. 

(a) Myopsidae : ^ cornea eniirey 

species mostly sub-littoral. 

Fam. 1. Sepiolidae. — Fins large, 
dorso-lateral ; tentacular arms retrac- 
tile ; two first dorsal arms in the 

male hectocotylised ; gladius narrow, half as long as the body. 
World-wide. 


in — 



Fio. 249.— Hectocotylised arm (/i.a) 
of Sepia offi^cinalis L., shown in 
contrast to one of the ordinary 
sessile arms ; m, mouth ; />, 
pocket into which the tentacular 
arm is retracted. 


Principal genera : Sepiolay dorsal mantle connected with the 
head by a broad cervical band, ventral mantle with the funnel by 
a ridge fitting into a groove ; Rossia, dorsal mantle supported 
liy a ridge, arms with never more than four rows of acetabula ; 
Jnioteuthis, Stoloteuthis, Nectoteuthis, and Prov}achote%dhis. 

Fam. 2. Sepiadariidae. — Fins not as long as the body, mantle 
united to the head on the dorsal side, fourth left arm in the 
male hectocotylised ; no gladius. Frincipal genera, Sepiadarium, 
Sqnoloidea. — Chiefly Facific Ocean. 

Fam. 3. Idiosepiidae. — Fins very small, terminal ; fourth 
pair of arms in the male hectocotylised, bare of suckers. 

The only genus, Idiosepion, with a single species (/. jiyg- 
maeum Stp.) is from the Indian ocean, and is tlie smallest 
known Cephalopod, measuring only about 15 mm. in length. 

Fam. 4. Lolujinidae. — Body rather long, fins varying in size, 
tentacular arms partially retractile, gladius as long as the back, 
pointed in front, shaft keeled on the ventral side. — World-wide. 

Loligo proper has a pointed body with triangular posterior 
fins united behind ; sessile arms with two rows of acetabula. 


' pv^Ljy dose tlic eyes ; 6\fis, sight ; contrasted with Oigopsidae (oiyio, open). 
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tentacular arms with four ; fourth left arm hectocotylised at the 

tip , funnel attached to the head. Other genera are Loliguncula, 

bcpioteutkin, and Loliolus. Belemnosepia, Beloteuthis, Leptoteu- 

this, and Phylloteulhis are fossil genera only, differin<^ in the 
shape of the gladius. ^ 

{}>) Oujopsidm : cornea more or less open ; species jielac/ic. 

Fa.m. 5. Omrnastrephidae.—Rodj cylindrical, fins generally 
terminal, united togetlier, regularly rhomboidal, sessile arms with 
varying number of rows of acetabula, mantle connexions elabo- 
rate ; gladius horny, narrow lanceolate, with a hollow cone at 
tlie posterior end. — -World- wide. 

Ommastrephes proper has a natatory web on the sessile arms; 
the wiist of each club has a aeries of acetabula with coirespond- 
ing cushions on the other wrist. In Thysanoteuthis (often made 
a separate family) the sessile arms have two rows of cirrhi, witli 
lateral expansions of the skin ; fins as long as the body. In 

yf.c 



Fio. 250. —Architenthis princeps, Verr., E. America: /, Right fin ; fu, funnel ; /.c, 
fixing cushions and acetabula on the tentacular arms (/, 1). (After Verrill. x 


ArcliiteMtliiSy to which belong the largest Cephalopoda known, 
the fins together are shaped like a broad arrow-head ; acetabula 
of sessile arnis strongly denticulate ; tentacular arms very long, 
with equidistant pairs of acetabula and fixing cushions tli rough- 
out their entire length, and a group of the same at the base of 
the club. The acetabula and cushions correspond on the oppos- 
ing tentacles, and enable them to pull together. Other genera 
are Dosidicus^ Todarodes^ lllex, Bathyteuthis and Mdstigoteuthis. 

Fam. 6. Onychoteuthidae. — Body cylindrical, fins terminal or 
lateral, mantle-locking apparatus elaborate, tentacular arms very 
long, sessile or tentacular arms furnished with retractile hooks, 
gladius lanceolate, with a terminal cone. — World-wide. 

The prehensile apparatus of Ceplialopoda readies its niaxiinum 
of power and singularity in this family. In Onychia, Onycho- 
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teuthis, and A7icistroteuthis, tlie sessile arms have acetabula only, 
in Gotiatns and Abralia they have hooks as well, while in 
Verania, An^istrochirus and EnoploteutliiSy the sessile arms have 
hooks only. The numlier of rows of liooks or acetabula varies 
with the different genera. 

Fam. 7 . Chirotenthidae, — Head nearly as large as the body; 
fins terminal, tentacular arms very long, 
sessile arms slightly webbed, acetabula 
denticulated; mantle-supports consisting 
of cartilaginous ridges on the mantle, 
which fit into corresponding depressions 
on the funnel, gladius expanded at eacli 
end. — Atlantic Ocean. 

The six dorsal arms in Histioteuthis 
are united by a broad web, while in 
Histiopsis the web only readies half 
way up the arm. In Chirotmtliis the 
tentacular arms have scattered sessile 
suckers throughout their whole length, 
and four rows of very long peduncu- 
late suckers on the clubs. 

Fam. 8. Cranchiidae. — Head small, 
body rounded, barrel-shaped, fins termi- 
nal, eyes often very large, sessile arms 
short, tentacular arms long, thread-like. 

— World-wide. 

Cramhia proper has the tentacular 
clubs finned, with eight rows of suckers, 
body sometimes covered with warty 
tubercles. Loligopsis has a very attenu- 
ated body, with fins terminally united ; 
some species are spotted with colour, 251.— hyperhore\is 

1 « , , , , , N. Atlantic: c, eyes ; 

or have rows ot tubercles on the ventral /, /, fins ; t, U tentacular 

side. Taonius (Fig. 251) is doubtfully arms. (After Hoyle, X ^). 

distinct from Loligopsis. 

Order Tetrabranchiata 

Cephalopoda with four branchiae and four kidneys; animal 
inhabiting the last chamber of an external multrlocular shell ; 



^2 0 0 T' ir r>LI A T A T^tn^TJATiriA 4 nn a 



funnel consisting of two separate lobes ; tentacles nunieroiis, 
without suckers or hooks ; no ink-sac. 


1 he shell consists ot two layers, the outer being porcellanous, 
and the inner, as well as the walls of the chambers or se'pUt 
nacreous. Tlie septa vary greatly in shape. In most of the 
Nautiloidea they are regularly curved, as in Nautilus^ or 
straiglit, as in Orthoceras, but in the Ammonoidea they are often 
exceedingly complex. The edge of the septum, where it unites 
with tlie shell-\vall, is called the suture, and the sutural line, 
wliich is not seen until the porcellanous layer is removed, varies 
in shape with the septum. 

The septa are traversed by a membranous tube known as the 
sipkunchy which in Nautilus is said by Ow'en to connect ulti- 
mately with the pericardium. The septal neckSy or short tubular 



Fic;. 2r}2.—yautUus pompiUtis L., in section, showing: the septa {Sy ^), the septal necks 
{s.Tiy ft.n), the siphuncle clotted in (si), and the large body chamber {ch). 


prolongations of the septa where they are perforated by the 
siphuncle, are in the great majority of the Nautiloidea directed 
backwards (Fig. 252), i.e., they project from the front wall of 
each chamber, while in nearly all Ammonoidea they are directed 
forwards. When the siphuncle is narrow, as in the Animon- 
oidea, it is simple, but when wide, as in many of tlie Nautiloidea, 
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its walls are often thickened by the deposition of masses of cal- 
careous matter, or by rings and radiating lamellae of the same 
material. In position, the siphuncle is sometimes central, some- 
times sub-central, sometimes (Arnmonoidea) 
marginal. In some c^ses its position is 
l)elieved to change during the growth of 
the individual. The precise object served 
by the siphuncle is at present unknown. 

Some hold that it preserves the vitality of 
the unoccupied chambers, by connecting 
them with the soft parts of the animal ; 
otliers liave regarded it as a means for 
lightening the shell by the passage of some 
gas into the chambers. 



Fio. 253 — Ammonites (Ca- 
doceras) sublaevis Sowb., 
Kellaway’s Rock, show- 
in*? the marginal position 
of the siphuncle («'). 


Tlie initial chamber in Nautiloidea consists of an obtuse 
incurved cone, marked on the outer surface of its posterior wall 
by a small scar known as the cicatrix, which may be slit-like, 
round, oval, or cruciform in shape. It has been held that the 
cicatrix originally communicated with the protoconch or larval 
shell, which probably dropped off as development proceeded. In 
the Anjmonoidea, on the other hand, there is no cicatrix, and the 

initial chamber probably represents the protoconch, as seen in the 
nucleus of many Gasteropoda. 


Sub-order 1. Nautiloidea. — Shell straight, bent, or coiled, 
aperture simple or contracted ; siphuncle often narrowed by 
internal deposits, position variable ; septal necks short, usually 
directed backwards ; septa concave towards the aperture ; initial 
chamber conical, with a cicatrix on the posterior wall. 

The Nautiloidea, of which Nautilus is tlie sole living repre- 
sentative, date back to the Cambrian epoch, and attain their 


maximum in the Silurian .and Devonian. At the close of the 
Palaeozoic era, every family, with the sole exceptions of the 
Orthoceratidae and Nautilidae, appears to have become extinct. 
The former disappear with the Tri.as, and after the lapse of the 

whole Secondary era, Aturia, a form closely related to Nautilus, 
makes its appearance. 

(«) Retrosiphonata : septal necks directed haxkwards. 

Fam. 1. Orthoceratidae.} — Shell straight or slightly curved, 
aperture simple, l)ody- chamber large; siphuncle cylindrical, 

’ Tlic classification is that of Foord, Catal. Fossil Cephal. Jiril. Mus., 1888. 
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position varialile. 
Itl'ian to 'I'l'ias. 


Single genus, Orthoceras (Fig. 254).— Cam- 


I AM. K n(loceTG.ticl(ic. Sholl straight, siphuncle wid©, mar- 

ginal, sejital necks produced into tubes fitting into one another. 
Principal genera : Endocerafi (specimens of wliich occur six feet 
long), and PUorrr((s. — Ordovician. 


J'AM. d. Aril riocerntidde . — 



Fig. 254. — A, Section of Orthoceras, 
showing the se|)ta (.v, 5 ), and sipliuncle 
{si, si) ; B, portion of the e.xterior of 
Orthoceras annulatinn Sowb. , xL 
(Woodwardiun Museum, Cambridge.) 


hell straight or slightly curved, 
siphuncle wide, contracted at 
the septa hy obstruction-rings. 
Principal genera : Actinoceras, 
Discosorus, Hitronia, Sactoceras. 
— Ordovician to Carboniferous. 

Fam. 4. Gomphoceratidae . — 
Shell globular, straight or con- 
siderably curved, aperture nar- 
rowed, T-shaped, body-cliamber 
large, siphuncle variable in posi- 
tion. The aperture is in some 
cases so narrow that jirobably 
only the arms could be pro- 
truded. Principal genus, Gain- 
plioceras (Fig. 255). — Silurian. 

Fam. 5. Ascoceratidae . — Shell 
sac -like or flask - shaped, apex 


truncated, unknown, l)ody-chamber occupying nearly the whole 
of the shell on the ventral side, contracting at the aperture, last 
few septa coalescing on the dorsal side and encroaching upon the 
body chamber. The young form has a symmetrical shell like 
Orthoceras, attached to the sac-like shell above described ; as 
growth proceeds the former portion is thrown off. Principal 
genera : Ascoceras, Glossoceras . — Ordovician and Silunan. 

FA>r. 6. Foterioceratidae . — Shell fusiform, contracted at both 
ends, aperture simple, siphuncle variable in position, inflated 
between the septa. The form generally resembles Gomphoceras, 
except for the simple aperture and fusiform shape. Ordovician 


to Carboniferous. • i • i 

Fam. 7. Cyrtoceratidae. — Shell conical or sub-cylinc rica , 

slightly curved, body-chamber large, siphuncle variable in posi- 
tion. Single genus, Cyrtoceras . — Cambrian to CArboniferous. 
Fam. 8 . Utidtidae , — Shell coiled in ’a flat, sometimes loose 
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spiral, last whorl straight, containing the body-chainber, often 
greatly prolonged. Ihincipal genera : LituiteSy Ophidioceras , — 
Ordovician and Silurian. 

Fam. 9. Trochoceratidae. — Sliell lielicoid, with seldom more 
tlian two whorls, dextral or sinistral, last whorl sometimes 
partly uncoiled. Principal genera ; Trochoceras, Adelphoceras . — 
Ordovician to Devonian. 

Fam. 10. Xautilidae. — Shell with few whorls more or less 
overlapping, septa simple, siphuncle central 
or sub-central, aperture not contracted. 

The 'tentacles’ are about 90 in number, 
and consist of four groups eacli of 12 or 13 
labial tentacles surrounding the mouth, two 
groups eacli of 17 larger (l)raehial) tentacles 
on eacli side of the head, two thicker tenta- 
cles whicli combine to form the ' hood,’ and 
two small tentacles on each side of tlie eye. 

When the animal swims, the tentacles are 
extended radially from the head, somewhat 
like tliose of a sea-anemone. The direction of 
the many pairs of tentacles at constant but 
different angles from the head is the most 
striking feature in the living NauiiluSy and 
accounts for its being described, when seen 
on the surface, as ' a shell with something like 
a cauliflower sticking out of it.’ ^ The funnel is not a complete tube, 
but is formed by the overlapping of the margins of two thin fleshy 
lobes (which are probably morphologically epipodia), so that when 
the two lobes are parted, a broad Ciinal appears, leading to the bran- 
chial cavity. The head is conical, and the mouth and its appendages 
win l)e retracted into a sort of sheath, over which fits the ' hood.’ 

Other genera are TrocholiteSy GyroceraSy HercoceraSy Discites, 
Aturia. — Ordovician to present time. 

k AM. 11. JSdcti 'it'idci€. Shell straight, conical, siphuncle 
small, marginal, septal necks long, funnel-shaped, sutures undu- 
lating, with a sinus corresponding to the siphuncle. This family, 
from the form of its sutures, appears to constitute a passage to the 
Ammonoidea. Single genus, Bactrites.—?^i\yxvmn and Devonian. 

(//) Proslphonata . — Septal necks directed forwards, 

Savillc Kent, Itoy. Soc, Quccnslandy vi. p. 229. 


Fig. 255. — A, Gompho- 
ceras elUpticiivi^VCoy^ 
Silurian : B, aperture 
{ap) of same ; 5 , s, 
septa ; siy position of 
siphuncle. (After 
Biake.) 
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‘ The two genera are Bathmoceras (Ordovician), shell straight, 
conical, always truncated, siphon marginal; and Nothoceras 
(Silurian), shell nautiloid with simple sutures. 

Sub-order 2. Ammonoidea , — Shell multiform, straight, 
curved, flat spiral, or turretted, sutural line more or less complex, 
siphuncle simple. 

Some autliorities liold that the members of this great sub- 
order, now totally extinct, belong to the Dibranchiata, on the 
ground that the protoconch resembles that of Spirula rather 
than that of the Nautiloidea. Others again regard the Am- 
nionoidea as a third, and distinct Order of Cephalopoda. Their 
distribution extends from the Silurian to (possibly) the early 
Tertiary. No trace has ever been found of an ink-sac, mandible, 
or hooks on the arms ; the shell was undoubtedly external. 

The sutural line, which indicates the septa, and is generally 
concealed beneath the outer layer of shell, consists of a number 
of lobes or depressions, the concave part of which is directed 
towards the aperture. Between these lobes lie corresponding 
elevations, or saddleSy the convex part of which is directed 



Fio. 256. — Diagram of tlie sutures of 
Ammonites : A, an elaborate suture 
( Phylloceras) ; B, a simple suture 
(Ceralites) ; siphoiial, s.v, ven- 
tral, 5 ./, first lateral, s.l\ second 
lateral saddles ; s.fl, s.a, auxiliary 
saddles ; l.v, ventral, /, first lat- 
eral, l\ second lateral lobe ; /.a, 
/.«, auxiliary lobes. The arrow 
points imoards the aperture. (From 
Woodward.) Compare Fig. 258. 

B 


towards the aperture. There are six principal lobes (Fig. ) 
the siphomd or ventral ^ which is traversed by the siphunc e, 
dorsal y and a^ superior and inferior lateral on each si e , 
auxiliary lobes may succeed these latter. The adjacent sa c e 

have received corresponding names. As a rule the 

is . very complex, but in some cases {Goniatites, e^ 

simple (Fig. 258, A). The first saddle of a large numl)er o genera 

serves as a means of classification, according as , 

narrow. Some authorities reverse the te^ns veiitra un< toisii. 
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as applied above. It is ])robable, liowever, that tlie position of 
the animal of Ammonites in its shell resembled tliat of Nautilus. 
The siphuncle is dorsal (internal) in 
Clymenia only, ventral (external) in all 
other genera. 

The aytyclms of Ammonoidea is a 
corneous or calaireous valve-like body, 
generally formed of two symmetrical 
parts (Fig. 257). It has been regarded 

by some as the covering of the nida- 

mental inland, and hence as occurring Fig, 257.— Aptychus of Ammonite 

® {Triqovdhtes latus). Kim- 

only in the temale, by others, with more meridge Clay, Ely. x 
probal)ility, as an operculum, covering 

or imbedded in a hood formed, as in Nautilus, of modified arms. 
Sometimes the Aptychus is in a single piece (^Anajitychus), some- 
times the two pieces are united on the median line {Synaptychus). 
The Ammonoidea are thus classified by Dr. P. Fischer : — 



(a) Betrosiphonata . 

/ 

No Aptyclius or 


(5) Prosiplionata 


Goiiiatitulae. 

'First saddle, J Tropitidae, 

[Ceratitidae, Clydoiiitidae. 
Pinacoceratidae, A ma l- 
theidae, Amrnonitidae, 
Lytoceratidae. 




wide 

First saddle, 
narrow 




Aiiaptychus 
corneous, 
single 

Aptyclius calcareous, valves j Harpoceratidae, Stephano- 
double or united ( ceratidae. 


(а) Retro siphonata. Fam. 1. Goniatitidae. — Shell nautiloid, 
whorls sometimes disjoined, siphuncle ventral or dorsal, sutures 
simple. Principal genera: Clymenia, Goniatites, (Fig. 258, A). 
— Devonian to Carboniferous. 

(б) Prosiplionata. Fam. 2. Arcestidae. — Shell globular, smooth 
or striated and rayed, body-chamber very long, aperture often 
with a projecting hood, umbilicus closed by a callosity, lobes 
numerous, foliaceous, aptychus present. Principal genera: Arcestes, 
Lohites. — Principally Trias. 

Fam. 3. Tropitidae. — Differs from Arcestidae mainly in the 
more highly ornamented surface, which is decorated with ribs 
which become granular at the periphery. Principal genus, 
Tropites. — Trias and Lias. 

Fam. 4. Ceratitidae. — Shell ribbed and tuberculated, body 
chamber short, lobes denticulated, saddles simple. Principal 
genera: Ceratites (Fi*258, B), I'rachyceras. — Principally Trias. 
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i^AM. b. Clyclonitidae . — Shell variable in form, body-chambei 
^lort, sutural line uiidulated, simple. Principal genera: Clydonites 
Choristoceras, lihahdoceras, Cochloceras. — Trias. 

Fam. {). Pinacoceratidae . — Shell discoidal, usually smooth, 
body-cl.ainber short, sutural line very comple.v, lobes numerous.’ 

Principal genera : Ptnacoceras, Sageceras . — Carboniferous to Trias. 
Fam. 7. Amaltheidae. 

cealing most of the spin 
— Principal genera : Am 
Trias, Cretaceous. 

Fam. 8. Ammonitidae 


Body-chamber long, whorls narrow 


Fic3, 258. — Variou.s forms of Ammonoidea : A, Goniatites crenisiria J. Phil., Carb. 
Limestone ; B, Ceratites nndosus de Hnnn., Muschelkalk ; C, Ammonites (Parhin- 
sonia) Sowb., Inf. Oolite; D, Phylloceras Sowb., Upper 

Lias : s. sutural lines. 


uncovered, more or less ribbed, aperture simple, sutimil line 
normal, aptychus single, corneous. Principal genera : Ammonites, 
Aegoceras . — Principally Lias. 

Fam. 9. Lytoceratidae . — Shell discoidal, body-chamber short, 
aperture simple, no aptychus. Principal genera : Lytoceras^ 

Phylloceras (Fig. 258, D). — Trias to Cretaceoua 

Fam. 10. Harpoceratidae, — Shell ^scoidal, compressed, 
martrin keeled, surface with straicrht or arched ribs, aperture 
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with lateral projections, suture with accessory lobes, aptychus in 
two pieces, rrincipal genera : Harpoceras, Oppelia, Lissoceras. 
— Jurassic to Cretaceous. 

Fam. 11. Steiohanoceratidac . — Shell discoidal, helicoid or 
straight, whorls sometimes disunited, surface often with bifur- 
cating ribs, which are tubercled, 
aperture often with lateral pro- M 

jections, sutural line incised, mm 

aptychus in two pieces, some- 

In the discoidal group, /Ste- 
phanoceras is strongly ribbed, 
tubercled at the point of bifur- 
cation, Cosmoceras has long 
lateral projections of the aper- 
ture when young, Perisphinctes y M A 

numerous smooth ribs. Other ^ 
genera are Acanthocero^, Pel to- 

ccras, Aspidocer^, and Hoplites. ^unuLs d'Orh. 

Among the loosely whorled Gault; B, MacroscaphiteA Iranii d'Orh, 
genera, Scaphites (Fig. 260, A) Upper Neocomiau. (From Ziltel.) 

has the last whorl produced and lient back again in horse-shoe 
form, while the early whorls are concealed; HaviiteSy Hainulina, 
and Ptychoceras have a shell shaped like a single or double hook 
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CHAPTER XIV 

CLASS GASTEROPODA AMPHINEUEA AND PROSOBRANCHIATA 

Order I. Amphineura 

Bilaterally symmetrical Mollusca, anus at the terminal end of 
the body, dorsal tegument more or less furnished with spicules. 

Sub- Order 1. Polyplacophora (Chitons). — Foot co-ex tensive 
with ventral surface of the body, dorsum with eight transverse 
plates, articulated (except in Chitonellus), a row of ctenidia on 
each side between the mantle and the foot. Silurian . 

The Chitons are found in all parts of the world, ranging in 
size from a length of about half an inch to six inches or more in 
the giant Cryptochiton. Although in the main sub-littoral, they 
occur at very great depths ; the Challenger dredged Leptochiton 
henthus Hadd. at 2300 fathoms. Chiton Polii exceptionally 
occurs at Malta — teste MacAndrew — above sea margin, but 
within reach of the ripple. As a rule, the Chitons live in con- 
cealment, on the under surface of stones or in deep and narrow 
fissures in the rocks. When the stone to which they are 
attached is turned over, they crawl slowly to the side which is 
not exposed, as if disliking the light. An undescribed species, 
however, which I took at Panama, crawled quite as fast as an 
ordinary snail. Chiton fulvus Wood, apparently is accustomed 
to crawl with some rapidity. MacAndrew took it in abundance 
on his anchor chain in Vigo Bay every time his yacht was got 
under weigh. He also found it crawling in sand on the shore, to 
which habit is no doubt due its extreme cleanness and freedom 
from the foreign growths which are so characteristic of many o 
the species. When detached a Chiton contracts the muscles o 
the whole body, and rolls up into a bal#like a wood-louse. 
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externally, by their 
or valves, which is 
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The Polyplacophora are characterised, 
usually articulated shell of eight plates 
surrounded and partly kept in position 
by a muscular girdle. These plates over- 
lap like tiles on a roof in such a way 
that the posterior edge of the first, ceph- 
alic, or anterior valve projects over the 
anterior edge of the succeeding valve, 
which in its turn overlaps the next, and so 

on throughout. Seven- 
valved monstrosities 
very rarely occur. 

A certain portion 
of each valve is covered 
either by the girdle or 
by the valve next an- 
terior to it. This por- 
c. \( IT tion, which is whitish 

in colour and non- 
porous in structure, 
forms part of an inner 
layer which underlies 
the rest of the sub- 
stance of the valve, 
and is called the arti- 
culamentum. The ex- 
ternal portion of the valves, or tegmentum, is 
generally more or less sculptured, and is largely 
composed of chi tin, impregnated with salts of 
lime, thus answering more to a cuticle than 
to a shell proper. It is very porous, being 
pierced by a quantity of minute holes of two 
sizes, known as megalopores and nxicropores, 
which are connected together by minute 
Valves of ca^^-ls Containing what is probably fibrous 

or nerve tissue, the mouths of the pores being 
occupied by sense organs connected with these 
nerves. The tegmentum of the six inter- 
mediate valves is generally divided into three 
triangular areas by tw^ more or less prominent ribs, which 

VOL. Ill 2 D 


Fig. 261. — Valves of a Chiton 
separated to show the vari- 
ous parts (anterior valve 
uppermost) ; a, cl, articu- 
lamentum ; b, beak ; j, 
jugum ; pi, pi, pleura ; 
t, t, tegmentum. 



Fig. 262. - 

separated 
out (anterior valve 
uppermost); a, a, ar- 
ticulamentum ; t, t, 
tegmentum, x 2. 
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diverge from the neighbourhood of the median leak or umho. 
The space enclosed between tliese ribs is known as the median 



area or jugum, the other two 
spaces as the lateral areas or 
pleura. The ribs terminate with 
the edge of the tegmentum, and 
are not found on the articula- 
inentuni. In certain genera these 
areas are either non-existent, or 
are not distinctly marked. The 
sculpture of the lateral areas (which 
is, as a rule, much stronger than 
that of the median area) will 
generally be found to resemble 
that of tlie anterior valve, which 
has no proper median area. In 
the posterior valve the median 


Fro. 263. - First, fourth, and eighth is very small, while the sculp- 

valves of a Chiton, showing Li, ture of the rest of the valve cor- 

laminae of insertion ; n, ti, notches ; i 

sdy s.l^ sutural laminae. x 2. 16SpOIlds tO thclt of tnG lat6ral 

areas generally (see Fig. 261). 


The articulamentum of the intermediate valves is divided into 


two equal parts in the middle of the anterior edge, opposite to 
the beak, by a simts. Each of the portions thus formed is again 
divided by a notch or suture into two unequal parts, the anterior 
of which is known as the sutural lamina, and is more or less 
concealed by the valve in front of it, while the lateral part, or 
lamina of insertion, is entirely concealed by the girdle. The 
articulamenta of the anterior and posterior valves are either 
simple or pierced by a series of notches (Fig. 263). 

The girdle of the Chitonidae varies considerably in character. 
Sometimes its upper surface is simply corneous or cartilaginoid, 
with no other sculpture than fine striae, at others it is densely 
beset with spines or bristles, or tufted at intervals with bunches 
of deciduous hairs ; again it is marbled like shagreen or mossy 
down, or covered with serpent-like scales. The width of the 
girdle varies greatly, being sometimes very narrow, sometimes 
entirely covering all the valves {Cryptochiton). As a rule, its 
outer edge is continuous, but in Schizochiton it is slmrjily notched 
over the unua 
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A description has already been given of the dorsal eyes in 
Chiton (p. 187), the nervous system (p. 202), the branchiae (p. 
154), the radula (p. 228), and the generative system (p. 126). 
The recent Chitons are thus classified by Dr. W. H. Dali : — 

Section I. Chitones Eegulares. — Anterior and 'posterior 
valves of similar character, 

A. Leptoidea, — Insertion plates obsolete, or, if present, 

unslit ; Leptochito7i, Hanteyia^ Hemiarthrumy Microplax. 

B. Ischnoidea. — Insertion plates sharp, smooth, fissured ; 

with eaves ; Trach'ydermoUy Callochiton, Tonicellay Schizo- 

plaXy LeptoplaXy Chaetopleuray Spongiochiton, Isch'nochitony 
Callistochiton. 

C. Lophyroidea. Insertion plates broad, pectinated, project- 



Fig. 264. —Girdles of 
various Chitonidae. 
A, Radsia siUcata 
Wood, X 2 ; B, 
Maugeria granu~ 
lata Gmel., x 3 ; 

C, Enoplochiton 
niger Barnes, x 3 ; 

D, A canihochiton 
fascictUaris L., x 
4 ; E, Tonida /as- 
tigiata SoMvh.y x 4. 


ing backward ; Chiton, Tonida, Eudoxochiton, Craspedo- 
chiton, 

D. Acanthoidea. — Insertion plates thrown forward; Sclero- 

chxton, Acanthopleura, Dirwplax, Middendorffia, Nuttallina, 
Arthuria, Phacellopleura. 

Section II. Chitones Irregulares. — Posterior valve 

abnormal, or with a sinus behind. 

E. Schxzoidea. — Posterior valve fissured ; Lorica, Schizochiton. 

i. Placiphoroidea. — Posterior valve unsHt, internally ridded 

vmho nearly terminal; Erwplochiton, Ornithochiton 
Plaxiphora, * 

G. iVapo/oirfea.— Posterior valve with posterior sinus and one 

sht on each side; Mopalia, Katherina, Acanthochiton 
Notoplax, * 


404 


APLACOPHORA 


CHAP. 


H. Cryptoiilea . — Witli double sutiLral laminae; Cnjptoconclius, 
A inicnla, Cnjptochito n. 


an 



Fig. 265. — Chitonellus fasciatus Quoy ; anty anterior end. 

I. Cliitonelloidea . — Posterior valve funnel shaped ; laminae 
thrown forward ; Chitonellus^ Choneplax. 

Sub-order II. Aplacophora. — Animal vermiform, foot absent, 

or a mere trroove, cuticle more or less covered 
with spicules. 

According to Marion, one of the principal 
authorities on the group, the Aplacophora 
are perliaps Amphineura whose development 
^ . has been arrested at an earlj stage, their 

Fig. 266. — ^eomema . . 

ccLTincLid TulU). : worm“like exterioi being 


Tn... 





anus 


gr, ventral adaptation to sur- 

grouve ; 7/i, nioutli. ^ 

roundings. They have 
hitherto been found chiefly in the N. Atlantic 
and Mediterranean, generally at considerable 
depths, and often associated with certain 
polyps in a way which suggests a kind of 
commensalism. 

Fam. 1. Neomeniidae. — Foot a narrow 
groove, intestinal tube without differentiated 
liver, kidneys with common exterior orifice, 
sexes united, ctenidia present or absent. 

Genera : Neomenia (Fig. 266), Paramenia y 
Proneomeniay Ismenia^ Lepidomeniay Don- 
dcTsict* 

Fam 2. Chaetodermatidae, — Body cylindrical, no ventral 
groove, liver a single sac, kidneys with separate orifices ir^o t e 
branchial cloaca, two bipectinate ctenidia. Single genus, lae o- 

derma (Fig. 267). 



Fio. 267. — ChueliHienna 
nilululum Lov. : a, 
anus ; nioutb. 

X 3. 


Order II. Prosobranchiata. 

Visceral loop twisted into a figure of 8 (streptoneurous), right 
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half supra-intestiiial, left half infra-intestiiial ; hranchia (cteni- 
dium) generally single, usually behind the heart ; head with 
a single pair of tentacles ; animal dioecious, usually marine, 
more or less contained within a shell, operculum generally 

present. Cambrian to present time. 

Sub-order 1. Diotocardia. — Heart with two auricles (except 
in the Docoglossa and Helicinidae), branchiae bipectinate, front 
end free ; two kidneys, the genital gland opening into the right 
(except in Neritidae) ; nervous system not concentrated ; no 
proboscis or siphon, penis usually absent. 

(a) Docoglossa (p. 227). — Heart with a single auricle, 
ventricle not traversed by the rectum, visceral sac not spiral, 
shell widely conical, non-spiral, no operculum ; radula very long, 
with few hooked teeth in each row. 

Fam. 1. Acmaeidae. — Left ctenidium alone occurring, free on 

a long stalk. Cretaceous . Principal genera : Pectinodonta, 

front part of head much produced, radula 0 (1. 0. 1.) 0 ; Acmaea 
( z= Tectura^, with sub - genera Collisella and Collisellina, no 
accessory branchial ring, shell closely resembling that of Patella^ 
but generally with a distinct internal border ; Scv/rria, accessory 
branchial ring on the mantle. 

Fam. 2. Lejpetidae. — No ctenidia or accessory branchiae, 

animal generally blind. Pliocene . Principal genera : 

Lepeta ; Propilidium, apex with internal septum ; Lepetella, 

Fam. 3. Patellidae. — No ctenidia, the osphradial patch at the 
base of each alone surviving, a circlet of secondary branchiae 

between the mantle and sides of the foot. Ordovician . 

(i.) Patellinae. — Three lateral teeth on each side, two of them 
anterior. Principal genera : Patella, branchial circlet complete ; 
chief sections Patella proper, Scutellastra, Ancistromesus (A. 
mexicana Brod., measures 8-14 in. long); Helcion, branchial 
circlet interrupted in front; TryUidium (Ordovician). — (ii.) 
Nacellinae. — Two developed laterals on each side, one anterior. 
Genera : Nacella, branchial circlet complete ; Helcioniscus, bran- 
chial circlet interrupted in front. 

(h) Khipidoglossa (p. 225). — Ventricle of the heart traversed 
by the rectum (except in Helicinidae), one or two ctenidia ; jaw 
in two pieces, radula long, marginals multiplied, rows curved. 

Of all the Gasteropoda, this section of the Diotocardia approach 
nearest to the Pelecy])oda, particularly in the least specialised 
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forms. The auricle, the branchiae, and the kidneys are in many 
cases paired, and more or less symmetrical The ventricle is 
generally traversed by the rectum, there is a long labial com- 
missure between the cerebral ganglia, special copulative organs 
are usually absent, while the shell is often nacreous, like those 
of Pelecypoda of a primitive type. 

Section I. Zygobranchiata. — Two ctenidia, shell with apical 
or marginal slit or holes, corresponding to an anal tube in the 


mantle (p. 265). 

Fam. 1. Fissurellidae, 


Two symmetrical ctenidia and kidneys. 


visceral mass conical, shell conical, elevated or depressed, with 
a single anterior or apical slit or . impression ; no operculum. 

Jurassic . (i,) Fissurellinae. Shell wholly external, apex 

entirely removed by perforation, apical 
callus not truncated posteriorly ; cen- 
tral tooth narrow. Genera : Fissurella 

(Figs. 171, p. 261; 178, p. 265), Fis- 
surideUy Clypidella, (ii.) Fissurelli- 
dinae. Shell partly internal, otherwise 
as in (i.) ; central tooth broad, mantle 
more or less reflected over the shell, 
apical hole very wide. Genera : Fis- 
surellidaea, Pupillaea, Lucapiria, Mega- 
tehennuSy Macroschismay Lucapinella. 
(iii.) Emarginulinae. Shell usually 
wholly external, apex usually not re- 
moved by perforation, sometimes with in- 
ternal septum, anal tube in a narrow slit 



Fig. 268. — Scutus australis Lain., 
Australia : m, ?n, mantle ; shy 
shell. X |. 


or sinus. Genera : GlyphiSy externals of Fissurellay but hole-callus 
truncated behind ; Puncturella (sub-genera Cranopsis and Fissuri- 
s^j 9 ^a), slit just anterior to the apex,a small internal septum; Zeidora, 
large internal septum as in Crepxdvla : Errtarginvlay shell elevated, 
slit very narrow, on the anterior margin (in subg. Rimulay it is 
between the apex and the margin), radula bilaterally asymme^ica , 
Suhemargiri'iday margin indented by a shallow groove , kcuIv^ 
( = ParmophoTus) shell oblong, depressed, nicked in fi ont, arge y 

covered by the mantle. . . 

Fam. 2. Haliotidae . — Eight ctenidium the smaller, epipodia 

line broad, profusely lobed ; shell rather flattened, spire 

whorl very large, with a row of perforations on the lelt side. 
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which tecome successively obliterated ; through these holes, the 
posterior of which is anal, pass tentacular appendages of the 

mantle ; no operculum. Cretaceous . Single genus, Haliotis ; 

principal sub-genera PadolluSy Teinotis. 

Fam. 3. Pleurotoinariidae . — Central tooth single, narrow, 
about 26 laterals, 60 to 70 uncini. Shell generally variously 
trochiform, nacreous, operculate, with a rather broad marginal 
sinus in the last whorl ; as this sinus closes up it forms an “ anal 

fasciole ” or “ sinus band.” Cambrian . Principal genera : 

Scissurella, epipodial line with several long ciliated appendages at 
each side, shell very small, slit open, sinus band extending nearly 
to apex ; Schismope, anal slit closed in the adult into an oblong 
perforation; Murchisonia (Palaeozoic only), shell long, turretted, 
whorls angulate or keeled with a sinus band ; Odontomaria 
(Palaeozoic only), shell 
tubular, curved ; Polytre- 
maria (Carboniferous), 
shell turbinate, slit a series 
of small holes connected 
by a passage ; Troclwtoma, 
shell trochiform, perfora- 
tion consisting of two nar- 
row holes united by a slit ; 

Pleurotomaria, branchiae 
almost symmetrical, radula 
as above, shell variously 
spiral. 

In Pleurotomaria we 
have the case of a genus 
long supposed to be extinct. 

More than 1100 fossil 
species have been described, and within the last 38 years about 

20 specimens, belonging to 5 species, have been discovered in a 
living state. 

Fam. 4. Bellerophontidae . — Shell nautiloid, spire generally 
concealed, aperture large, sinus or perforations central (Fig. 179, 

p. 266). Ordovician — Trias. Genera: Bellerophon, Trema- 
tonotus, Cyrtolites, 

Section II. — Azygobranchiata. — One ctenidium (the left) 
present. 



Fiq. 269 . — Pleurotomaria adansoniana Cr. and F., 

Tobago. X J. 
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Fam. 1. Cocculinidae, — A single cervical ctenidium, foot 
broad, no eyes, shell patelliform, with caducous spire. Single 
genus, Cocculina. Deep water. 

Fam. 2. Stomatellidae, — A single (left) ctenidium, front third 
free, shell nacreous, spiral or patelliform, depressed, last whorl 

large. Jurassic . Genera: Stomatella {sxxbg, Synaptocochlea, 

Niphonia)y shell depressed, spirally ribbed, spire short, operculum 
present ; Phaneta, fluviatile only, shell trochiform, imperforate, 
last wliorl keeled, sinuate in front ; Stomatia, spire short, surface 
tubercled or keeled, no operculum : Gena, shell haliotis-shaped, 
surface smooth, aperture very large : Broderipia, shell patelliform, 
spiral apex often lost. 

Fam. 3. Cyclostrematidae. — Tentacles ciliated, thread-like, 
snout bilobed, foot truncated in front, angles produced into a 
filament, shell depressed, umbilicated, not nacreoua Eocene 
. Principal genera : Cyclostrema, Teinostoma, Vitrinclla. 

Fam. 4. Liotiidae. — Epipodial line with a lobe behind each 
eye-peduncle, shell solid, trochiform, longitudinally ribbed or 
trellised, aperture round, operculum multispiral, hispid, corneous, 

with a calcareous layer. Silurian . Principal genera : 

Liotia, Craspedostoma (Silurian), Crossostoma (Jurassic). 

Fam. 5. Trocliidae. — Snout short, broad, frontal lobes often 


present, epipodial line furnished with cirrhi ; shell nacreous, 
variously spiral, operculum corneous, multispiral, nucleus central 

(Fig. 182, p. 268). Silurian . 



(i.) Trochinae, — Frontal lobes present, 
lateral teeth ( = side centrals) 5 only, 
no jaws, peristome incomplete. Prin- 
cipal genera : Trochus (subg. Cardi- 
nalia, Tectus, Infundibulum, Clan- 
cuius), MoTwdonta (subg. Jhloma), 
Cantharidus (subg. Bankivia, Tha- 
lotiaX Gaza fsubcr. Microgaza), 
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surface spirally lirate, scaly, spinose, umbilicate, peristome con- 
tinuous. Single genus, Delphinula. (iv.) Umhoniinae. — Eyes 
pedunculate, left tentacle attached to a frontal appendage, mantle 
reflected over edge of aperture, lateral teeth 6 on each side ; 
shell polished, peristome incomplete, umbilicus generally closed 
by a callosity. Principal genera : Umhonium, Ethalia, Isanda, 
Caviitia, UmboTiella ^ Chrysostoma, 

Fam. 6 . Turhinidae . — Epipodial line with slender ciiThi, snout 
broad, short, eyes pedunculate at outer base of tentacles, a frontal 
veil between tentacles ; shell turbinate, solid, aperture continuous, 
operculum solid, calcareous, usually paucispiral, convex exteriorly 

(Fig. 182, p. 268) Silurian . (i.) Phasianellinae. — Shell 

bulimoid, polished, not nacreous, coloured in patterns, aperture oval. 
Single genus, Phasianella (Fig. 27 1). (ii.) Turlininae, — Shell very 
solid, nacreous within, aperture circular or long oval. Principal 
genera. Turbo, whorls rounded above and below, spines, if present, 
becoming more prominent with age, operculum smooth or granu- 
lose, nucleus sub-central ; subg. Callopoma, Ninella, Marmorostoma, 
Sarmaticus, Prisogaster ; Astralium, whorls flattened above and 


below, spines, if present, becoming less prominent with age, 
operculum oblong, often excavated at centre, last whorl large, 
nucleus marginal or sub-marginal ; subg. Lithopoma, Imperator, 
Guild/ or dia, Bolma, Cyclocantha, Uvanilla, 


Cookia, Pomaulax, Pacliypoma, (iii.) Cyclo- 
nematinae. — Shell nacreous, umbilicate, oper- 
culum conical outside, whorls scalariform. 
Principal genera ; Cyclonema, Horiostoma, 
(?) Amherleya (Silurian to Lias), (iv.) Lepto- 
thyrinae. — Shell small, solid, depressed, 
operculum nearly flat, nucleus sub-central. 
Grenera ; Lcptothyra, Collonia (?). 

7 . Neritopsidae. — Tentacles wide 
apart, long, eyes on short peduncles at the 
outer base; shell solid, neritiform or naticoid, 
aperture semi-lunar or oval ; operculum 
(Fig. 183, p. 269) thick, calcareous, non- 
spiral, exterior face smooth, interior face 
divided into two unequal parts, with a broad 



Fig. 271. — Pliasiandla a\ 
iralis Gmel., Australia 


median appendage. Devonian . Principal genera : Neri- 

tojpsis (one recent species), Naticopsis (Devonian to Miocene). 
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Fam. 8. Macluritidae. — Shell discoidal, whorls few, longi- 
tudinally grooved behind, right side convex, deeply umbilicated, 
left side flat ; operculum very thick, nucleus excentrical, internal 
face with two apophyses, one very large. The general appearance 
is more that of an inequivalve bivalve, such as Requienia, than of 
a spiral gasteropod. Palaeozoic . Single genus, Maclurea. 

Fam. 9. Neritidae. — Snout short, tentacles long, eyes pedun- 
culate at their outer base, branchia triangular, free at the front 
end, epipodium without cirrhi, penis near the right tentacle; 
shell solid, imperforate, turbinate to almost pateUiform, spire 
short, internal partitions absorbed (p. 168), columellar region broad, 
edge simple or dentate, operculum calcareous, spiral or non-spiral, 
with prominent apophyses on the interior face, one of which locks 

behind the columellar lip. Jurassic . Principal genera: 

Nerita (Fig. 13, p. 17); Neritina (chiefly brackish water and 
fluviatile), sub - genus ClithoUj usually coronated with spines ; 
Velates (Tertiary), Neritoma (Jurassic), Deianira (Cretaceous), 
ScTpiaria ( = Navicella), shell more or less narrowly pateUiform, 
with terminal apex, aperture very large, with a broad columeUar 
septum, operculum too small for the aperture, more or less 
covered by the integument of the foot ; fluviatUe only ; Pileolus. 
Jurassic to Cretaceous). 

Fam. 10. Hydrocenidae, — Branchia replaced by a pulmonary 
chamber, eyes at the outer base of the tentacles, marginals of 
the radida very oblique, centrals often wanting ; sheU smaU, 
conical, whorls convex, operculum calcareous, with a prominent 
apophysis. Recent. Principal genera ; Sydroctna, Gconssa, 

Fam. 11. Helicinidae, — Branchia replaced by a pulmonary 
chamber, heart with one auricle ; shell globular, with a short 
spire, internal partitions absorbed ; operculum without apophysis. 

Carboniferous . Principal genera : Helicina (Fig. 18, B, p. 

2 1 ; subg. Alcadia. Schasicheila, Hevdeia, CalyUum), Evirochatdla 
(subg. Luciddla), Stoastoma, Bourcieria, Dawsorulla (Carboniferous). 

Fam. 1 2. Proserpinidae. — Branchia replaced by a piJmonaiy 
chamber, mantle partly reflected over the sheU, eyes sessile ; she 
depressed, discoidal, columella folded or truncated at the l»se, 
whorls with one or more internal plicae, internal partitions 

absorbed, no operculum. Eocene . Single genus ; tos 

ptna, subg. Proserpindla, Cyane, Bimorphoptychia (Eocene), ana 

C&rea (Fig. 18, C, p. 21). 
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Sub-order II. Monotocardia. — Heart with one auricle, one 
ctenidium (the left), monopectinate, fused with the mantle 
(except in Valvata), one kidney, not receiving the genital 
products, nervous system somewhat concentrated, proboscis and 
penis usually present. 

(а) Ptenoglossa. — R adula with formula 00. o. 00, teeth 
similar throughout, outermost largest (p. 224 ). 

Fam. 1. lanthinidae, — Snout prominent, blunt, no eyes, shell 
helicoid, fragile, bluish, no operculum ; eggs carried on a raft of 
vesicles attached to the foot (Fig. 42, p. 126). Pelagic only. 
Pliocene . Genera : lanthinay Recluzia, 

Fam. 2. Sccdariidae. — Shell long, turriculate, whorls often 
partly uncoiled, with longitudinal ribs and prominent lamellae, 
aperture circular, operculum spiral, corneous, animal carnivorous. 

Ordovician . Principal genera ; Scalaria, Eglisia, Bias- 

moneura (Silurian), Holopella (Silurian to Trias), Adis. 

(б) Taenioglossa. — Eadula with normal formula 2. 1.1. 1.2, 
marginals sometimes multiplied (p. 223). 

Section I. Platypoda. — Foot more or less flattened ventrally. 

Fam. 1. Naticidae. — Foot very large, produced before and 
behind, propodium reflected upon the head, eyes absent or buried 
in the integument, central and lateral tooth of the radula tri- 
cuspid, middle cusp strong ; shell globular or auriform, outer lip 
simple, operculum corneous or calcareous, nucleus excentricaL 

Carboniferous . Principal genera; Natica, with many 

sub-genera ; Ampullina (Tertiary) ; Amaura ; Deshay esia (Ter- 
tiary) ; Sigaretus (Fig. 91, p. 186), shell auriform, last whorl very 
large, operculum much too small for the aperture. 

Fam. 2. LaTYtellaTiidae, ^lantle reflected over more or less 
of the shell, shell delicate, no operculum. Eocene . Prin- 

cipal genera : Lamellaria, shell completely internal, transparent, 
auriform ; some species deposit their eggs on compound Ascidians 
(p. 74); Velutina, shell almost entirely external, paucispiral, 
with a thick periostracum ; Marsenina, shell auriform, partly 
internal , Oifichidiopsis, shell a membranous plate, internal. 

Fam. 3 . Trichotropidae, — Branchial siphon short, eyes on 
the outer side of the tentacles ; radula closely allied to that of 
Velutina; shell conical, last whorl rather large, periostracum 
thick and hairy, operculum blunt claw-shaped, nucleus terminal 
Cretaceous . Genera : TrichotropiSy Torellia. 
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Fam. 4. Naricidae , — Tentacles broad in the middle, with 
sessile eyes at the exterior base, propodium narrow, quadrangular, 
a large epipodial veil on each side of the foot ; shell naticoid, 

cancellated, with velvety periostracum. Jurassic Single 

genus ; Narica. 

Fam. 5. Xenophoridae , — Foot divided by a groove, anterior 
portion the larger ; central tooth heart-shaped, with blunt cusps, 
lateral large, roughly triangular, marginals long, falciform ; shell 
trochiform, somewhat flattened, attaching various fragments 
externally. Devonian . Single genus, Xenophora (Figs. 


25, 26, p. 64). 

Fam. 6. Capulidae . — Ctenidium deeply and finely pectinate, 
visceral sac scarcely spiral, penis long, behind the right tentacle ; 
shell roughly patelliform, with scarcely any spire, interior 
polished, usually with a septum or internal plate of variable form, 

no operculum. Devonian . Principal genera (Fig. 155, 

p. 248); Capulus, shell cap-shaped, no internal plate; Platyceras 
(Palaeozoic, see p. 76), DictphoTOstovid (Palaeozoic), jlddisoTiid 
(?) ; Crucihulum, internal appendage funnel-shaped ; Crepiduld, 

(including Crepipdtelld and Eryded\ shell 


t slipper - shaped, with a large septum ; 

Cahjptrded (including Gdlerus and Tro- 
chitob), internal lamina semi-spiral. 

Fam. 7. Hipponycidde, — Foot aborted, 
animal sedentary, adductor-muscle shaped 
like a horse's hoof, fastened on the ven- 
tral side to the region of attachment, or 
. f to a thin calcareous plate which closes 

Fio. 272.— Two specimens of ^ i i. i c'rlo nf 

Crepidvia (marked a and the aperture like a valve ; ventral side 

'hZ.ZitLT the lK«ly surrounded by a mantle with 

papillose border, which corresponds mor- 

phologiciilly to the epipodia, head emerging between the do 
and ventral mantles. Shell thick, bluntly conical, surface rugose^ 
Eocene . Genera : Hipponyx ; Mitrulana, a narrow halt 


I, \ 

h) on an oM shell of 
Murex radix Gniel. 


funnel-shaped appendage within the shelL 

Fam. 8. Soldriidae . — Foot large, eyes sessile, nwir le o 

base of the tentacles, radula abnormal (p. 224) ; shell more or es 
depressed, lip simple, umbilicus wide, margins often 
operculum variable. The proper position of t le ami y 
uLrtuin. Ordovifian (i.) Solariina,. tlcncm:W«- 
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Fig. 273. — Solarium ]f>erspectivum 
Lam., Eastern Seas. 


Hum, shell depressed, highly finished, angular at perijihery, 
operculum corneous, central tooth 
absent, laterals and marginals num- 
erous, long, and narrow; IHatyschisma 
(Silurian), (ii.) Toriniinae. Genera : 

Torinin, whorls usua Hy rounded, 
operculum (Fig. conically ele- 

vated, spiral externally, central tooth 
present, marginals few, edge pecti- 
nated ; Omalaxis. (iii.) Euompha- 
linaCy shell plaiiorbiforrn, whorls 
rounded. Genera: EuomjphaluSy Ophi- 
letUy Sckizostoma, Eccyliomplialns 
(all Palaeozoic). 

Jam. 9. Homalogyvidae. — Tentacles absent, eyes sessile, 

central tooth unicuspid on a quadrangular base, laterals and 

maiginals leplaced by an oljlong plate ; shell very small, planor- 

biform. Recent. Single genus: whose true position 

is uncertain. 

I^AM. 10. Littorinidae. Proboscis short, broad, tentacles 
long, eyes at their outer bases, penis behind the right tentacle ; 
reproduction oviparous or ovoviviparous, radula very long ; shell 
turbinate, solid, columella thickened, lip simple, operculum corne- 
ous, nucleus excentrical. Jurassic . Principal genera: 

JAttorina (radula. Fig. 16, p. 20), Cremnoconchus (p. 16), Fos- 
sarina ; Tectarius, shell tubercled or spinose ; Risella, base slightly 
concave; Lacuna, shell thin, grooved behind the columellar 1ip. 

Fam. 11. Fossaridae. — Shell turbinate, solid, small, white, 

spirally ribbed, outer lip simple. Miocene . Principal 

genus, Fossarus. ^ 

Jam. 12. Cyclophoridae. — Ctenidium replaced by a pidmon- 
ary sac, tentacles long, thread-like (radula. Fig. 17, p. 21)' 
shell variously spiral, peristome round, often reflected, operculum’ 

cmcular. Terrestrial only. Cretaceous . {i.) PomatiaAnae 

shell high, conical, longitudinally striated, operculum consisting 
of two laminae united together. Single genus, Pomatias. (ii ) 
Ihflommatininae. shell more or less pupiform, peristome thick- 
ened or reflected, often double. Genera ; Liplommatina (subg., 
Nzcida, mama, Paxillus, Annia), shell dextral or sinistral 
small, columella often denticulated; Opisthostoma (Fig. 208, p! 
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309), last whorl disconnected, often reflected back upon the 
spire, (iii.) Pupininae, shell more or less lustrous, bluntly 
conical, lip with a channel above or below. Genera : Pupina 
(subg. Registoma, Callia, Streptaulus, Pupinella, Anaulus), Hyho- 
cystis (Fig. 205, p. 305), Catavliis, Coptochilus, Megcdomastoma, 
(iv.) CyclophorinaCy shell turbinate or depressed, operculum corne- 
ous or calcareous. Genera : AlycaeuSy Craspedopomay LeptopomUy 
LagochiluSy Cyclophorus (Fig. 206, p. 306; including Diademay 
Avlopomay PhtropiSy and others), Aperostoma (including Cyrtotoma 
and others), Cyathopomay Pterocyclus (subg., Myxostomay Spira- 
cultcniy OpistkoporuSy and Rhiostoma (Fig. 180, p. 266), CyclotuSy 
CyclosuruSy and Strophostoma, 

Fam. 13. Cyclostomaiidae. — Ctenidium replaced by a pul- 
monary sac, tentacles obtuse, foot with a deep longitudinal median 
groove ; central tooth, lateral, and first marginal more or less 
bluntly cusped, second marginal large, edge pectinate ; shell 

variously spiral, spire usually elevated, 
aperture not quite circular; operculum 
generally with an external calcareous and 
an internal cartilaginoid lamina, rarely 
corneous. Terrestrial only. Cretaceous 
. Genera : Cyclostoma (subg., 

Leoniay Tropidophoray Rochehruniay 

Fig. 27 a. — Cyclostcmia cam- Georgiay Otopomay Lithidiojiy Revoilia\ 
panxdatum Pfr., Mada- QyclotopsiSy Choanopoma (subg., Liciiuiy 

Jamaiciay Ctenopomay Diplopomay Adam- 
siella\ CistuLa (subg., Chondropomay Tudora)y Omphalotropis (subg., 
Realiay CyclomoTpha)y Hainesiay Acroptychia. 

Fam. 14. Acicvlidae. — Ctenidium replaced by a pulmonary 
sac, tentacles cylindrical, pointed at the end, eyes behind their base, 
foot long and narrow; central tooth and lateral very similar, pinched 
in at the sides, external marginal broad, edge finely pectinate ; 
shell small, acuminate, with a blunt spire, operculum comeoua 

Terrestrial only. Tertiary . Genus, Acicvla ( = Acme)- 

Fam. 1 5. Trurvcatdlidae, — Ctenidium replaced by a pulmonary 
sac, proboscis very long, eyes sessile, behind the base of the 
tentacles, shell small, evenly cylindrical, apex truncated in the 

adult. Eocene . Genera : Truncatdla (subg., Taheitia, 

Blanfordiay and TomichioC), Geomdania (subg., Chittya and 
Blandidla^y Cecina (?). 
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Fam. 16. Rissoidae. — Eyes at the external base of the 
tentacles, epipodium with filaments, operculigerous lobe with 
appendages ; central tooth pleated at the basal angles, lateral 
large, bluntly multicuspid, marginals long, narrow, denticulate at 
the edge ; shell small, acuminate, often elaborately sculptured, 
mouth entire or with a shallow canal, operculum corneous. 

Marine or brackish water. Jurassic . Principal genera: 

Rissoa (subg., Folinia, Onoba, Alvania, Cingula, Nodulus, Anaha- 
thron, Fenella, Iravadia, and others), Scaliola (shell agglutinating 
fragments of sand, etc.), Rissoina (lip thickened, operculum with 
an apophysis as in Nerita), Barleeia, P ary jpho stoma (Eocene). 

Fam. 17. Hydrohiidae. — Eyes at the outer base of the 
tentacles, penis behind the right tentacle, prominent, operculi- 
gerous lobe without filaments ; radula rissoidan, central tooth 
often with basal denticulations ; shell more or less acuminate, 
small, aperture entire, operculum corneous or calcareous. Brackish 

or fresh water. Jurassic . Principal genera: Baicalia, 

its various sub-genera (p. 290); Fomatiopsis, Hydrohia, Bithynella, 
Micropyrgus (Tertiary), FyrguLa, Fmmericia, Benedictia, Litho- 
glyphus, Tanganyicia, Limnotrochus (?), JuLlienia, Pachydrohia, 
Potamopyrgns, Littorinida, Amnicola, Fluminicola (subg., Gillia, 
Somatogyrus), Bithynia, Fossaridus (Tertiary), Stenothyra. 

Fam. 18 . Assimineidae. — Ctenidium replaced by a pulmonary 
sac, no true tentacles, eye-peduncles long, retractile ; radula that 
of Hydrohia ; shell small, conoidal, operculum corneous, nucleus 
sub-lateral. Eocene . Genera : Assiminea, Acmella, 

Fam. 19. Siccncxdac. Padula resembling that of Plydrob'ta, 
shell very small, depressed, widely umbilicated, operculum 
corneous. Pleistocene — . Single genus, Skenea, 

Fam. 20. Jeffreydidae. — Mantle with two pointed ciliated 
appendages in front, tentacles ciliated, eyes sessile, far behind 
the base of the tentacles; marginal teeth sometimes absent; 
shell small, thin, pellucid, whorls rather swollen, operculum with 
marginal nucleus, divided by a rib on the inner face. Recent. 
Genera : Jeffreysia, Dardania. Marine, living on algae. 

Fam. 21. Z/itio'pxdae, Epipodium with cirrhi on each side, 
operculigerous lobe with appendages; radula rissoidan; shell 
small, conical, columella truncated, operculum corneous. Eocene 

. Genera : Litiopa, living on the Sargasso weed, suspended 
by a long filament ; Alaha, Biala. > P a 
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Fam. 22. Adeorhidae. Eadula essentially rissoidan; shell 
depressed, circular or auriform, widely umbilicated, operculum 

corneous, paucispiral, nucleus excentricaL Pliocene 

Principal genera : Adeorhis, Stenotis, Megalomphalus. 

Fam. 23. Viviparidae. — Snout blunt, tentacles long, right 
tentacle in the male deformed, pierced with a hole corresponding 
to the aperture of the penis, two cervical lobes, the right being 
siphonal, foot with an anterior transverse groove; teeth broad, 
shallowly pectinate at the ends ; shell turbinate, whorls more or 
less rounded, aperture continuous, operculum corneous, nucleus 
sub-lateral, with a false sub-central nucleus on the external face. 

Animal ovoviviparous. Fresh water. Cretaceous Genera: 

Vivipara { = Paludina\ subg., Cleopatra, Mdantho, Tvlotoma; 


Tylopoma (Tertiary), and Lioplax. 

Fam. 24. Vcdvatidae. — Branchia exserted, bipectinate, carried 

on the back of the neck, a filiform appendage (Fig. 66, p. 159) on 
the right of the neck, penis under the right tentacle, prominent, 
eyes sessile, behind the tentacles ; radula like that of Vivipara ; 
shell smaU, turbinate or flattened, operculum corneous, nucleus 

central Fresh water. Jurassic . Single genus, Valvata. 

Fam. 25. Ampullariidae. — Snout with two tentacles, tentacles 
proper very long, tapering, eyes prominently pedunc^ate, two 
cervical lobes, the left siphonal, respiratory cavity divided by a 
partition, a large branchia in the right chamber, the left func- 
tioning as a pulmonary sac (Fig. 65, p. 158); radula large, 
central tooth multicuspid, base broad, lateral and margmals falci- 
form, simple or bicuspid ; shell large, turbinate or flattened, spire 
small, whorls rounded ; operculum generaUy corneous, nucleus 
sub-lateral, false nucleus as in Vivipara. Fresh water. Ore a- 
ceoug . Single genus Ampvllaria (subg., Ceratodes, Fa^hy- 

labra, AsoUne, Lanistes, and Meladomus). 

Fam. 26. Branchial siphon present, short, eyes 

variable in position ; central tooth small, evenly cusped lateral 
hoUowed at base, multicuspid, marginals narrow ; shell long, 
turriculate, whorls many, generally tuberculate, vancose or spmy, 
aperture sometimes strongly channelled ; operc^um ^rneo^. 
sub-circular, nucleus nearly central Marine or rac is 
Trias Principal genera : Triforis, shell small, 8®“ ^ 

sinistral; Fastigiella, Cerithium (^i^. 12, p. 

mides fsube.. TvmpanotoTnua, Pyraztis, PireneUa, Tdescopi , 
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Cerithidea, Lavipaniay all brackish water), Diastoma (Eocene), 
Cerithiopsis ; Ceritella (Jurassic), Brachytrema (Jurassic), and 
Planaxis (subg., Quoyia and Holcostoma), 

Fam. 27. Modulidae, — No siphon, radula of Cerithium ; shell 
with short spire, columella strongly toothed at the base, aperture 
nearly circular. Recent. Single genus. Modulus, 

Fam. 28. Nenneidae. — Shell solid, long sub-cylindrical, aper- 
ture channelled, columella and interior of whorls with continuous 
ridges, extending up the spire. Genera : Nerinea (Trias to 
Cretaceous), Aptyxiella (Jurassic). 

Fam. 29. Melaniidae. — Border of mantle festooned, foot broad, 
with an anterior groove, penis present ; radula closely resembling 
that of Cerithium ; shell long, spiral, with a thick periostracum, 
surface with tubercles, ribs, or striae, suture shallow \ operculum 
corneous, paucispiral, nucleus excentrical. Animal 

ovo viviparous. Fresh water. Cretaceous . 

Principal genera : Melania (with many sections or 
sub-genera), Pachychilus, Claviger ( = Vihex\ Hemi- 
sinus, Pirena, Melanopsis, Tiphohia, Paludomus 
(subg., Philopotamis, Tanalia, Stomatodon), HanU 
Icenia (Eocene), Larina (?). 

Fam. 30. Pleuroceridae, — Mantle edge not 

festooned, no copiilatory organ, otherwise like 

Melaniidae ; operculum with nucleus sub-marginal. 

Animal oviparous. Fresh water. Cretaceous^ . o-r, 

Genera: Pleurocera (including lo, Fig. 12, p. 16, 'lania^ cot 

Angitrema, Lithasia, Strephohasis), Goniohasis Ancu- 

lotas, Gyrotoma. ey on. 

Fam. 3 1 . Pseudo-tnel aniidae. — Shell resemblinfr that of 
Melaniidae, hut marine. Genera : Pseudomelania, Loxonevia 
BouTfjaetia, MmTocMIns. Palaeozoic to Tertiary strata. 

Fam. 3 2. Turritcllidae. — Mantle with a siphonal fold on the 
right side; radnla variable (p. 224); shell long, whorls many, 
slowly increasing m size, tranversely ribbed or striated, aper- 
ture small ; o])erculum corneous, nucleus central. Jurassic 

1 rincipal genera : TurritcUa, Mcsalia. Protoma, Mathilda (?) 

,l,ell Iona, eye, ,e,*ne „t then- W ; 

ulult lhi^hHl'l' * "‘ ' "'’“'"i'” *1’'“'' 8'-'“<'™lly lest in tllc 

.ulult,tl,e,hcUI«e„ii.i„g,„„|,|y,.,ttnigl,tei e„neclcyliiKler oner 

cnl,™ eorneon,, „,„Ui,,,ir„l. Eocene—. Single genne, 
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Fam. 


34. 


Ver nietidae. — Visceral sac greatly produced, 
irregularly spiral, no copulatory organs (radula. Fig. 126, 

223), shell tubular, irregularly coiled, last 
whorls often free, aperture circular; operculum 
corneous, circular, nucleus central. Carbo- 
niferous . Principal genera : Vermetus ; 

Siliqitaria (Fig. 153, p. 248), a long fissure, 
or series of holes, runs along a considerable 
part of the shell, operculum with outer face 
Fro. 276. — Develop- spiral, elevated. 

inent of Coecum : A. Fam. 35. Stvomhidae , — Foot narrow, arched, 

metapodium greatly produced, snout long, eye 
peduncles long, thick, eyes elaborate, siphon 




sliowiiig the gradual 
formation of septa ; 
a, apex ; ajo, aper- 
ture ; 55, first sep- 
tum ; 
septum. 

Foliu.) 


ss, 


second short, penis prominent, bifurcate; cen tral tooth 

witli strong median cusp, marginals falciform, 
form of c. eburneum giender, edge more or less denticulate ; shell 
Ad., Panama, x 10. outer lip generally dilated 

into wings or digitations, channelled before and behind, a labial 
sinus at the base, distinct from tlie anterior canal; operculum small 

for the aperture, corneous, claw-shaped, edge notched. Lias . 

Genera: Stronibus (Fig. 99, p. 200); Fereiruea (Miocene), 
Pteroceras (Fig. 277 ; digitations of the outer lip very strong), 
Rostellaria (spire produced, anterior canal very long), Rimella, 
Pterodontd, Tevehellmn (base of shell truncate, spiie shoit). 

Fam. f>6. Chenopodiihie { = Aporrhuulae ). — Foot flat; lateral 
and marginal teeth not denticulate; shell resembling that of 
Rtrombus, outer lip dilated, wing-like, no labial sinus. Jurassic 

. Genera : Cheiwjnis ( = Aporrhais), Diastema, Malaptera, 

Harpagodes, Alaria (last foiu: from Secondary strata). 

F'am. .3 7. Strutkiolariidae. — Itadula allied to that of Strombus, 
marginals occasionally multiplied; shell buccinoid, very solid, 
(Hiter lip thickened, csinal short, operculum claw-shaped, notched, 
nucleus terminal. Tertiary . Single genus, Strut/nolana 

(subg., Pevissodonta, marginal teeth multiplied). 

Fam. 38. Cyjyrueidae. — Mantle with two large lateral lobes 

reflected and meeting over the shell, siphon small ; central an 
lateral teeth bluntly triciLspid or multicuspid, laterals fairy 
broad, edges cusped or finely pectinate; shell polished, sou, 
spire generally concealed in the adult or overlaid with eiiainel 
aiierture straight, narrow, nearly as long as the shell, too le 
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the sides, cliannelled at each end, labium inflected; no operculum. 

Jurassic . Genera: Ovula (including Amphiperas, Trans- 

00 (da, CypJioma, Radius, Simjiia), Pedicularia, Cypraea (with 
subg., Cypraeovula, Cypraedia, and Trivia), and Erato. 

Fam. J9. Doliidae. — Foot expanded, wider and longer than 
the shell, truncated and thickened in front, siphon very long and 
narrow ; central tooth with very strong median and small lateral 



Fig. 277.— Tliree stages in the growth of Pteroceras rufjosum Sowb., E. Indies 

showing the development of the ‘ fingers.’ 


and basal cusps, lateral and marginals bluntly falciform ; shell 
ventricose, without varices, spire shoyt, outer lip generally simple, 

anterior winal rather wide, no oiierculum. Oetaceous ’ 

Genera: Ihlinm (subg. MaUa, outer lip thickened, denticulate^ 
leflected) , Pivula, mantle with two lateral lobes reflected over 
part of the .^hell, shell fig-shaped (Fig. 278). 

I’AM. 40. Cassidulde. — l^oot broad, siphon long (radula. Fig. 
I j». 22r»); sluill ventricose, with varic<‘s, spire short, outer 
lip lefiected or thickened, anterior Ciiiial short, recurved narrow ; 
oiierculum semilunar, with ribs radiating from a marginal 
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nucleus. Cretaceous . Genera : Cassis (subg. Semicassis 

and Cypraecassis), Morio ( = Cassidaria), Oniscia, 

Fam. 41. Colnmhellinidae — Shell solid, ribbed, usually 
cancellated, with an oblique posterior canal, columella callous, 
more or less reflected. Genera : Coluinbellina, Columbellaria, 
Zittelia, Peter sia, Alariopsis (?). Secondary strata only. 

P"am. 42. Tritonidae. — Foot short, narrow; siphon short, not 
prominent ; radula allied to that of Cassididae ; shell thick, 
varicose ; outer lip inflected and thickened, canal long, perios- 

tracura often thick and hairy, operculum 
corneous, nucleus terminal or sub-marginal. 

Cretaceous . Genera: Triton (Yig, 1^1, 

p. 275; subg., Epidromus^ Plesiotriton, Sim- 
pulumy Ranularia, Argobuccinnm) \ Persona, 
aperture toothed, narrow ; columella reflected 
upon the last whorl ; Ranella, shell dorso- 
ventrally compressed, generally with two con- 
tinuous lateral varices, posterior canal present. 

The position of the following four families 
is doubtful : — 

Fam. 43. Oocorythidae. — Siphon short, 
foot broad, eyes absent, radula taenioglossate ; 
Fro. TiS.—Pirvla Dus- shell bucciiioid or cassidiform, operculum cor- 

pinet" It-’ Single genus, Oocorys. 

Fam. 44. Siibulitidae. — Shell elongate, 

fusiform, smooth ; suture shallow, base truncate or rounded, 
aperture channelled or notched. Ordovician to Trias. Genera . 

Subulites, Fiisispira, Euchrysallis, 

Fam. 45. Seguenziidae. — Radula taenioglossate, shell trochi- 

form, aperture channelled, columella twisted, operculum multi- 
spiral, nucleus central. Ifliocene . Single genus, Segiienzia, 

Fam. 46. Choristidae. — Anterior tentacles united by a frontal 
veil, posterior simple ; eyes absent, foot with tentaculae before and 
behind ; three central teeth, outer marginal with a bas^il plate , 
shell helicoid, suture deep, peristome continuous, operculum 

corneous, paucispiral. Pliocene . Single genus, Choristes. 

Section II. Heteropoda. — Foot fin-shaped, not flat. 

The Heteropoda are free-swimming Mollusca, being, like the 
Pteropoda, Gasteropoda modified to suit their pelagic eiiviioii- 
ment. Their nervous system is streptoiieurous, and they are 
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therefore probably derived from the Prosobranchiata, but they 
are highly specialised forms. Pelseneer considers them far more 
widely removed from the Streptoneura than the Pteropoda are 
from the Euthyneura. They swim on the surface “ upside down,” 
i.e. with the ventral side uppermost. 

The tissues and shell are transparent, permitting observation 
of the internal organs. In the Pterotrachaeidae the foot takes 
the form of a fan-shaped disc, usually furnished with a sucker. 
The body is compressed at the posterior end, often with a ventral 
fin.” In Atlanta the foot consists of three very distinct parts : 
a propodium, a mesopodium, on which is a small sucker, and a 
metapodium, which carries the operculum. The branchiae are 
carried on the visceral sac, and are free in Pterotrachaea, slightly 
protected by the shell in Carinaria, and entirely covered in 
Atlanta ; absent altogether in Firoloida, 

The head carries two tentacles (except in Pterotrachaea)^ with 
large, highly organised eyes on short lobes at their outer base. 
The alimentary tract consists of a long protrusible proboscis, 
with a taenioglossate radula (Fig. 132, p. 227), a long oesophagus, 
and a slightly flexured intestine. In Atlanta the visceral sac is 
spiral and protected by a spiral planorbiform shell ; in Carin- 
aria the visceral sac is small, conical, protected by a very thin 

capuliform shell. There is no shell in Pterotrachaea or 
Firoloida. 

The Heteropoda are dioecious. In the male there is a 

flagellum behind the penis, which is near the middle of the right 

side. Pterotrachaea lays long chains of granular eggs, and has 

been noticed to produce a metre s length in a day. The eggs 

of Atlanta are isolated. The embryo has a deeply bilobed 
velum. 

Fam. 1. Pterotrachaeidae. — Body long, with a caudal “ fin ; ” 
branchiae dorsal, free or partly protected by a shell ; foot consist- 
ing of a muscular disc, with or without a sucker. 

Pterotraxihaea proper has no mantle, sheU, or tentacles. The 
branchiae are disposed round the visceral sac, at the upper part 
of which is the anus. In iiroloida the body is abruptly trun- 
cated behind, with a long filiform segmented caudal appendage ; 
visceral sac at the posterior end : fin-sucker present or absent in 
both male and female. Cardia'poda resembles Carinaria, but the 
visceral sac is more posterior and is only slightly protected by 
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H very small spiral shell. Cdriiwria (Fig. 279) has a rugose 
translucent skin, visceral sac sub-median, apparently peduncu- 
lated, covered by a capuliform shell. The larval shell, which 
persists in the adult, is helicoid. 



I AM. 2. Atlantidae, — Shell s])iral, operculate, covering the 

animal. Branchiae in a 
dorsal cavity of the mantle ; 
foot trilobed, with a small 
sucker on the mesopodiiun. 

The shell of Atlanta is 
discoidal and sharply keeled, 
while that of Oxygyrns is 
nautiloid, with the spire 
concealed, no keel, apertime 
dilated. 

(c) Gymnoglossa. — Ea- 
dula and jaws absent ; pro- 
boscis prominent, sexes probably separate, penis present. The 
section is probably artificial and unnecessary, the families com- 
posing it being, in all probability, Taenioglossa which have lost 
their radula in consequence of changed conditions of life (pp. 

79, 225). 


Fig. 279. — Carinana mediterrane.a Lam., Naples: 
n, anus ; 6 r, branchiae ; /, foot ; f, intestine ; 
7 «, mouth ; 77 , penis ; sucker ; sh^ shell ; t, 
tentacles. x j. 


Fam. 1. Eulimidae. — Proboscis very long, retractile, mantle 
forming a siphonal fold ; shell small, long, subulate, polished ; 
suture sliallow, aperture continuous, operculum present or absent. 
Animal often parasitic, sucking tlie juices of its host by its long 

prolioscis. Trias . Genera : E'ldima (subg. Suhulariay Arcu- 

eUa, Ajmalia, Mucroncdia, Stiliferina, and others), Stilifer, 
Scalenostoma, Niso^ and Hoplopteron. 

Fam. 2. Pyraiaidellidae. — Tentacles auriform, proboscis as in 
Eulimidae, a prominent mentmri or flap under the buccal orifice , 
shell usually small, conical ; suture shallow, apical whorls (the 
embryonic shell) sinistral (p. 250), operculum corneous, pauci- 

spiral; nucleus excentrical. Trias . Genera: Pyrami- 

della (subg. Syrnola, Qtoplenray Chry sail Ida, Muiniola), Odostoinia, 
Eulimelln, Murchisoniella, Tiirbonilla (subg. Dnnkeria and 

Cingulimi). 

(d) Kachiglossa (j). 220). — Proboscis long, retractile ; siphon 

distinct, radula without uncini, sometimes without. laterals ; teeth 
strongly cusped ; shell generally wholly extei’nal. 
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Fam, 1. Muricidac — Eyes sessile at the outer base of the 
tentacles, penis large, behind the right tentacle, radula within 
the retractile proboscis, central tooth (Fig. 119, p. 220) with at 
least three strong cusps, laterals plain ; shell solid, more or less 
tuberculate, spiny and varicose, anterior canal varying from a 

mere notch to a long channel. Cretaceous . Principal 

genera: (i) nucleus of operculum sub-terminal; Trophon, 

Typhis, Murex (with many subdivisions), Ocinehra (including 
Cerasioma, Vitvlaria, and Hadriania), Urosalpinx, Eupleura, 
Pseudomurex. (ii) Furpurinae, nucleus of operculum lateral ; 
Rapana (including Latiaxis), Purpura (with subg. Cuma, lopaSy 
Vexilla, and Piuaxia), Mouoceros (including Chorus), Purpuroidea 
(Secondary strata), Pentadactylus, Sistrum, Coucholepas. 

Fam. 2. Corcdliophilidae. — Animal living in Madrepores, 
resembling Purpura, radula absent ; shell variously shaped, often 
deformed or tubular, operculum that of Purpura, if present. 

Miocene . Principal genera : RkizoshiLv^, Coralliophila, 

Leptoconchus, Magilus (Fig. 29, p. 75), Rapa. 

Fam. 3. Columhellidae. — (Radula, Fig. 123, p. 222.) Shell 
small, solid, fusiform, aperture narrow, canal short, outer lip 

thickened. Miocene . Single genus, Columbella (subg., 

Nitidella, Auachis, Meta, Stromhina, Atilia, Conidea, Awphissa, 
Mitrella, and others). 

Fam. 4. Nassidae. — Foot long and broad, often with terminal 
appendages ; siphon long, eyes on outer base of tentacles, central 
booth of radula arched, multicuspid, lateral strongly bicuspid, 
with small denticles between the cusps ; shell rather small, buc- 
cinoid, columella more or less callous, outer lip thickened, often 
toothed ; operculum corneous, edges often toothed. Miocene 

. Principal genera : Nassa (with many sections), 

Amycla', Desmoulea, Cyclonassa, Canidia (subg. Clea and Nas- 
sodonta), Dorsanmn, Bullia { = Bvxcinauops, Fig. 62, p. 155), 
Truucaria. 

Fam. 5. Buccinidae. — Siphon rather long, eyes at outer base 
of tentacles ; central tooth of radula with 5 to 7 cusps, laterals 
bicuspid or tricuspid (Fig. 118, p. 220); shell more or less fusi- 
form, thick, covered with a periostracura, canal of varying length, 
outer lip simple or thickened ; operculum corneous, nucleus vari- 
able in position. Cretaceous . Principal genera : Group 

L Chrysodomus (with sections Neptunea, Volutopsis, Pyrolofusus, 
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Jamal a), suhg. Sipho ; Siphoiialia (subg. Kelletia), Group ii, 
Liomesus ( = Btvcxinopsis). Group iii. Bvxcinum (Fig. iB, p. 6 ; 
subg. Volutkarpa, Neohmcinum). Group iv. Cominella, Triton- 

f idca^ Pisania, Euthria ; Anura (Miocene)^ 

Genea (Pliocene), Metvla, Engina. Group v. 
Phos, Hindsia, Group vi. Dipsaccus ( = 
Ehurna), Macron, Group vii. Pseudoliva, 
Fam. 6. Turhinellidae , — Central tooth 
of radula tricuspid, median cusp strong, 
lateral bicuspid, . cusps unequal (Fig. 117, 
p. 220); shell fusiform or pear-shaped, 
heavy, canal often long, operculum corneous, 
claw - shaped, nucleus terminal Miocene 

. Principal genera : Turhiiulla, Cyno- 

donta, Tudicla (subg. Streptosiphon)\ Piropsis 
(Cretaceous), Perissolax (Cretaceous), Strep- 
Fig. 280 . — Turhindla pyr- sidura (Eocene, subg. Wlntneya), Melapinm, 
Lam., Ceylon, x j. . j’algar ( = Busyeon, Fig. 150, p. 249, in- 

eluding Sycotypns), Melongena (subg. Pngilina^ Myristied ) ; Lio- 
stoma (Eocene), Hemifusus (subg. Megalatractus), Ptychatractus, 
Meyeria, 

Fam. 7. Fasciolariidae. — Eyes at the outer base of the tenta- 
cles (radula, Fig. 121, p. 221); shell 
fusiform, spire long, canal often very 
long, columella often with a fold at 
the base ; operdilum corneous, nucleus 

terminal. Cretaceous . Principal 

genera; Fasus (including Sinistralia, 

AptyxiSy TToschelicC)y with subg. Serri- 

fusits (Cretaceous), Clavella (subg. 3 

Tkersites)y Fasciolariay Latirus (subg. // 

Polygona, Peristerniay Leucozoniay if 

Lagena ; Mazzalina (Eocene), Chaseax). ^ 

Fam. 8. Mitridae, — Siphon rather 


{Leucozonid) 
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narrow, no operculiiiii. Cretaceous . 

Mitra (with many sections), subg. Striyatella, 
Mitreola, Mutyca, Dihaflius ; Plochelaea (Ter- 
tiary), Tlt ala ; Tnrricida (with several sec- 
tions), Cylindromitra, and ImhHcaHa, 

Fam. 9. Volutidcce. — Foot broad in front, 
head laterally dilated into lobes, on which are 
placed the sessile eyes ; siphon prominent, with 
appendages at the base (radula. Fig. 122, 
p. 221); shell thick, often shining, fusiform, 
globular or cylindrical, columella projecting 
anteriorly, with several folds, the anterior of 
which is the largest, aperture notched, canal 


Principal genera ; 



not produced, operculum generally absent. Fig. 2S2.—Voiuta ni- 


Cretaceous . Principal genera : Crypto- 

chorda (Eocene), Zidona, Frovocator, Guivilleay 


vosa Lain., West 
Australia. x 


Yeitts Cymhiiun)y VoliUa (with many sections); Volutolithes 


(chiefly Eocene), Volutolyria, Lyriay Enaetay Volutomitra. 


Fam. 10. Marginellidae , — Foot broad, siphon without ap- 
pendages, mantle largely reflected over the shell ; radula without 


laterals, central tooth comb-like, cusps rather blunt ; shell oval 

or conoidal, polished, aperture narrow, outer lip 
thickened, columella with many folds ; no oper- 
culum. Eocene . Principal genera : Mar- 

ginelkty with many sections and so-called sub- 
genera ; Persiculay Pcuchyhathron (?), CystiscuSy 
Microvoluta. 

Fam. 11. Harpidae. — Foot large, with a 
transverse groove, separating off a semi-lunar 
propodium ; mantle partly reflected over the 
shell ; shell ventricose, polished ; spire short, 
strongly longitudinally ribbed, ribs prolonged 
over the suture, columella callous; no oper- 
culum. Eocene . Single genus, Harpa 

Fig. 2%%-Oliva por. (8^bc,. SUiaX 

jmffria Lam., P / . . 

Panama. PAM. 12. OUvidac, — Propodium semi-lunar, 

with a longitudinal groove above, mesopodiuin 
reflected laterally over the shell; central tooth of radula tri- 
cuspid on a very broad base, lateral simple, hooked ; shell sub- 
cylindrical or lusiform, polished; aperture narrow, operculum 
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present or absent. Cretaceous 


I 






. Principal genera : Oliva 

(Figs. 283 and 98, p. 200), Olivancillaria (in- 
cluding Lintricula. and Agaronia\ Olivdla, 
Ancilla (subg. Ancillina). 

{e) Toxoglossa (p. 218). — Eadula with nor- 
mal formula 1*0’1., teeth large ; oesophagus 
with a large poison gland ; animal carnivorous, 
exclusively marine. 

Fam. 1. Terehridae. — Eyes at the end of 
the tentacles, shell subulate, 
many whorled, operculum 
with terminal nucleus. 

Eocene . Single 

genus, Terehray with several 
sections. 

Fam. 2. Conidae. — Eyes 



on outer side of tentacles, 

siphon prominent; shell coni- 
FiQ.2%^.-—Terebra87th- qj. fusiform, aperture nar- 

lUala L., Ceylon. . 

row. Cretaceous . 

Principal genera : ComcSy shell solid, spire 
short, aperture narrow, straight, internal par- 
titions partly absorbed; ConorhiSy Genotia yig, 2 S 5 ,^Plmrotoma 
(with several sections, chiefly Tertiary), P^is- 
ionellay Colurnbariumy Clavatulay Surculay Fleu- 
rotoma\ Borsonia (Eocene), DriHia (subg. Spirotropi8)y Bela, 
Mangilia (including Daphnellay Clathurellay and others), Halia, 
Fam. 3. Cancellariidae. — Proboscis short, usually no radula, shell 

oval, columella strongly plicate ; no operculum. Cretaceous . 

Single genus, Cancellaria (subg. Merica, Trigonostoma, Admete). 


tigrina Lani., E. 
Indies. 



CHAPTER XV 


CLASS GASTEROPODA (continued) : OPISTHOBRANCHIATA AND 

PULMONATA 

Order III. Opisthobranchiata. 

Visceral loop not twisted (except in Actaeon) in a figure of 8 
(Euthyneurous type, p. 203), auricle usually behind the ventricle, 
ctenidium often replaced by secondary branchiae, pallial cavity, 
if existing, more or less open, shell present or absent, operculum 
absent (except in Actaeon), animal hermaphrodite, with separate 
sexual openings, marine only. — Carboniferous to present time. 

The character of their nervous system decisively removes the 
Opisthobranchiata from the Prosobranchiata, and approximates 
them to the Pulmonata. Actaeon, however, which is strepto- 
neurous, as well as possessing an operculate shell with prominent 
spire, forms an interesting link with the Prosobranchiata. At 
the opposite extreme to Actaeon stand forms like Siphonaria 
and Gadinia, which are probably close links with the Pulmonata 
(p. 19). The generative system of the whole group, which is, 
as in the Basommatophora, of the hermaphrodite type, without 
mutual fecundation, is another link of connexion with the 
Pulmonata. The respiratory organs present the most varied 
forms, sometimes consisting of one ctenidium (never two), some- 
times of secondary branchiae, variously placed, while sometimes 
no special organ exists. 

The prolongation of the foot into lateral epipodia or parapodia 
(possibly to aid in swimming), and the effect of the epipodia 
upon tlie shell, according as they involve it completely or 
partially, are among the most instructive features of the 
Opisthobranchiata. If the epipodia are developed on the 
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anterior portion of the body, and do not become reflected, they 
may, as in most Pteropoda Thecosomata, not directly affect the 
shell. But when, as in the Tectibranchiata, the epipodia are 
medio-Iateral, and tend to envelope the shell, their effect may be 
traced by a series of forms varying in proportion to the amount 
of shell-surface covered by the epipodia. The two principal lines 
along which modification takes place are the gradual reduction 
of the spiral nature of the shell, and the gradual lessening of 
its solidity. Both these changes are the direct result of the 



Fro. 286. — Illustrating the transition Fio. 287. — Ulustrating the gradual covering 
of form in the shell of Tecti- of the shell in the Tectibranchiata by the 

branch iata from the pointed spiral epipodia and mantle: A, Ilaminea ; B, 

to the almost flattened plate: A, Scaphander; C, Aplmtrum ; D, Aplysia; 

Actaeon ; B, Apluslmm ; C, Cyli- E, Philine ; c.d^ cephalic disc; ep^ ep^ 

chna; D, Atys ; E, Philine; F, epipodia ; sA, shell. (Not drawn to scale.) 

Dolahella ; G, Aplysia; H, Pleu~ 
robranchus. (Not drawn to scale.) 

additional protection afforded to the visceral mass by the 
reflected epipodia, which renders the existence of a shell less 
and less necessary. A precisely similar line of cliange is seen 
in the Pulmonata, culminating in forms like Avion (p. 174). 

TJie habits of life of the Opisthobranchiata are very varied. 
Some, especially tlie heavier types, burrow in sand, and are then 
usually furnished with a broad cephalic disc, as a digging 
apparatus ; some (certain Bulla) flit about in shallow pools on 
mud flats ; others {Phyllirrhoe and the Pteropoda) swim freely 
in the open sea ; others (most Nudibranchiata) crawl slug-like on 
sea-weeds or corallines, and in colour singularly harmonise witli 
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their environment (p. 71 f.) ; others again {Siphoriaria, Gadinia), 
stick limpet-like to rocks between tide marks. As a rule, they 
occur only in clean salt water, but Emhletonia has been found in 
the Victoria Docks at Kotherhithe, as well as in parts of the 
Baltic, where the water has only 7 parts of salt in 1000, while 
Limapontia occurs in nearly fresh water at Bornholm and 
Gothland. 

Their food varies greatly. As a rule, they are frugivorous, 
but many cases of carnivorous habit occur. Scaphander has 
been seen to swallow Dentalium six at a time, and in six hours 
the shells of all were reduced to tiny fragments. Gla'iicus devours 
the soft portions of the pelagic Porpita and Velella; Idcdia 
elegans eats its way into the test of Ascidians, and completely 
buries itself in the body of its prey.^ 

The Opisthobranchiata may be classified as follows — 

( Bulloidea 
Aplysioidea 
Pleurohranchoidea 
Siphonarioidea 

( Cladohepatica 
\Holohepatica 
( Thecosomata 
yGymnosomata 

Sub-order L Tectibranchiata. — Eight ctenidium usually 
present, more or less concealed by the mantle fold, visceral 
ganglia united by a very long commissure, shell variable in 
form, more or less enveloped in folds of the mantle and foot, 
often becoming rudimentary. 

Section I. Bulloidea. — Shell more or less spiral, internal or 
external, epipodia more or less developed, a broad cephalic 
disc, distinct from the dorsal region, usually no tentacles, eyes 
sessile. 

Fam. 1. ^ctaeonidae, — Shell spiral, solid, entirely covering 
the animal ; spire generally prominent, operculum corneous, 
visceral loop streptoneurous, no epipodia, radula multiseriate, 
teeth numerous, very small Carboniferous . Genera: 

ActcLeon(¥\g. 286 A); Fb/mWa (Tertiary), (Eocene) 

1 J. Power, Anil, Mag, N, II, (2) xx. p. 334 ; F,Z.S, 1836 p. 113 ; Arch, Zool, 
Exp, 06n, (3) i. 1898, p. 106. 

✓ 

I 


1. Tectibranchiata 


Opistbobrancliiata 2. Ascoglossa 


3. Nudibranchiata 


4. Pteropoda . 


I 
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ontTut (Carboniferous), Cylindrites (Secondary strata), Actaeonella 
(Cretaceous). 


Fam. 2. 1 ornatinidae, — Shell spiral, cylindrical, entirely 
covering tlie animal; spire concealed, cephalic disc with two 
large tentaculiform appendages behind, no radula. Genera: 
Tornatina ( = Utriculus), Volvula. 

h AM. 3. ScG^pliciTidviddB , — Shell more or less external, covering 
all or nearly all the animal, spire concealed, cephalic disc simple 
or notched behind, epipodia well developed, radula with first 
lateral very large, stomach sometimes with powerful gizzard. 
Genera: Scaphandev (Fig. 287 B); Saiatia Smavagdi- 

nella^ Atys (Fig. 286 D), Cylichna (Fig. 286 C), Amphisphyra. 

Fam. 4. Bullidae , — Shell external or partly internal, spire 
quite or nearly hidden, cephalic disc broad, without appendages, 
epipodia often large ; radulausually multiseriate. Genera : Bulla 
(subg. Haminea), Accra, mantle with long filiform appendage, 
epipodia touching over the shell ; Cyliudrohulla, Volvatella. 

Fam. 5. Aplustridae . — Shell partly internal, overlaid by the 
posterior part of the cephalic disc, spire not prominent, epipodia 
reflected, tentacles auriform. Single genus, Aplustrum (Fig. 286 
B; subg. Hydatina), 

Fam. 6. Ringiculidae . — Shell small, solid, covering all the 
animal ; spire somewhat prominent, aperture narrow, plicated ; 
peristome thick, sometimes channelled, cephalic disc with a kind 
of posterior siphon. Genera : Ringicula ; Avellaua (Cretaceous). 

Fam. 7. Gastropteridae . — Shell completely internal, nautiloid, 
small ; epipodia very large, rounded, imited behind ; cephalic disc 
simple. Single genus, Gastropteron. 

Fam. 8. Philinidae . — Shell completely internal, thin, slightly 
spiral ; epipodia thick, cephalic disc large, thick, simple ; stomach 
usually with powerful gizzard. Genera: Philine {Yig. 287 E), 
Colpodaspis, Colobocephalus, Chelinodura, Phauerophthalmus, Crypt- 
ophthalmus. 

Fam. 9. Doridiidae. — Shell completely internal, a mere 
pellicle with a small spiral nucleus, mantle with two posterior 
lobes and a caudal filament, epipodia reflected. Single genus, 
Doridium. 

Section IL Aplysioidea. — Shell small, usually not spiral, 
sometimes absent, no cephalic disc, head prominent, with two 
pairs of tentacles, epipodia large, more or less reflected. 
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Fam. Aplysiidde. — Characters those of the section. Genera : 
Aplysia (Fig. 287 D), shell arched, flattened, animal large (the 
“sea hare”); Dolabella, shell sub-triangular (Fig. 286 F) ; Dola- 
hrifer, shell sub-quadrangular, not spiral ; Notarclius, shell micro- 
scopic, spiral ; Phyllaplysiay body very depressed, oval, no shell 

Section III. Pleurobranchoidea. — Dorsal region protected 
by a wide notaeum or dorsal covering, or by a shell ; no epipodia, 
ctenidium large, external, between the right under surface of the 
notaeum or shell and the foot ; head short, shell present or 
absent. 

Fam. 1. Pleurobranchidae, — Shell internal or absent, notaeum 
with spicules, radula multiseriate. Genera : Pleurobranchus 
(Fig. 286 H), (?) Haliotinellay Pleurohranchaeay (?) Neda. . 

Fam. 2. Runcinidae. — Branchial lamellae few, under the 
posterior right notaeum, no shell. Single genus, Runcina. 

Fam. 3. Uinbrellidae, — Shell external, depressed patelliform, 
not covering all the animal ; foot very thick, ctenidium large, 
head depressed, small; radula multiseriate, teeth innumerable, 
very small. Genera: Umbrella (Fig. 5a, p. 10), Tylodina. 

Section IV. Siphonarioidea. — Shell patelliform, branchia 

replaced wholly or in part by a pulmonary sac, pulmonary 

orifice closed by a small lobe, radula multiseriate, teeth very 
small. 

Fam. Siphonariidae. — Characters those of the section. Genera : 
Siphonaria (branchia as well as pulmonary sac), Gadinia (no 
branchia). These genera, hitherto placed among the Pulmonata, 

have been recently shown (see p. 19) to be modified Opistho-' 
branchiata. 

Sub-order II. Ascoglossa.’ — Branchia, mantle cavity, and 
shell generally wanting, liver ramified, rami enclosed in external 
papillae (cerata) or beneath the dorsal surface, kidney not com- 
pact, branched; radula with one series of strong teeth (Fig. 288) 

worn out teeth at the front end not dropping off, but preserved 
in a special sac (a<TA:o 9 ). 

According to Bergh, the Ascoglossa form a link between the 
Tectibranchiata, — especially the Aplysiidae and Bullidae — and the 


in deterence to ourgn s lugi, authority, tl.c position of a sub-oidcr is l.ero 

pveu to the Ascoglossa. It may be doubted whether that position will stand the 

est of further invest.gat.on, and whether the fan.ilies eoneerned will not be added 
to the Cladohepatic Nuilibrauclis. 
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Cladohepatic Nudibranchs, while the Pleurobranchidae form a 

somewhat similar link between the Holohepatic Nudibranchs and 
the other Tectibranchiata. 


Fam. 1. Oxynoeidae} — Animal long, tentacles auriform, 
epipodia large, simple, or wing-like, a ctenidium and branchial 



Fio. 288. — Raclula of one of 
Ascoglossa (Elysia viridis 
Mont. X 40). 


chamber on right side, shell small, thin, 
slightly spiral, not covering much of 
the body. Genera ; Oxynoe ( = Lophocev^ 
cus), Lohiger. 

Fam. 2. Hermaeidae. — Body de- 
pressed, cerata in several rows, no 
branchiae, no sliell. Genera : Hermaea, 
Phyllohranchus, Stiliger, Alderia. 

Fam. 3. Elysiidae, — Body depressed, 
head rather elevated, tentacles auriform. 


sides of body dilated into two large 
wings, which enclose branches of the liver and sometimes fold 


over the dorsal surface, no branchiae, no shell. Genera : Ely da, 
Thridachia, Placohranchus, 


Fam. 4. Limapontiidae, — Body slug-like, liver scarcely rami- 
fied, no branchiae, shell, or appendages. Genera : Limapontia, 
Actaeonia, Cenia, 


Sub-order III. Nudibranchiata. — Shell absent in the adult, 
no ctenidium proper, or osphradium, cerata dorsal or dorso-lateral, 
nervous system concentrated, kidney not compact, ramified, penis 
retractile, jaws and radula usually present. 

Section I. Cladohepatica. — Cerata usually latero- dorsal, 
elongated, or arborescent, buccal mass strong, jaws present, liver 
generally ramified, rami generally entering the cerata. 

Fam. 1. Aeolididae. — Body slug-like, head with tentacles and 
rhinophores, dorsal area with rows of cerata, wliich usually con- 
tain sting - cells, radula variable. Genera : Aeolis, Crateim, 
Tergipes, Coryphella, Favorinus, Facelina, Flcd)ellina, Fiorui, 
Glawus, Janus, Hero, with many sub-genera. 

Fam. 2. Tetliymelihidae, — Body slug-like, large, cerata very 
large, no sting-cells, head large, cowl-shaped, no tent^icles, rhiiio- 
phores much foliated, no radula. Genera : Tethys, Melihe, The 
ceratii of Tethys, which are capable of inde|)eiident mov(‘inciit 


* Tlii.s family lias also been classificil with the llulloiclea anti Avith the 
A|>lysioiUea. 
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when severed, have been described as parasitic worms. Tethys 
feeds on molluscs and Crustacea. 

Fam. 3. Lomanotidae, — Body slug-like, dorsum prominent, 
undulating or lobed, with one row of small cerata, no tentacles, 
rhinophores much foliated, radula with uncinated dentate laterals. 
Single genus, Lomanotus. 

Fam. 4. Dotonidae. — Body slug-like, small, two rows of cerata, 
each ceras surrounded by a ring of tubercles, rhinophores simple, 
radula uniseriate. Single genus, Doto. 

Fam. 5. Dendronotidae. — Body slug - like, somewhat com- 
pressed, two rows of arborescent cerata, no tentacles, frontal 
margin with arborescent papillae, rhinophores arborescent, radula 
multiseriate. Ghinera : Campaspey Dendronotus. 

Fam. 6- Bornellidae. — Two rows of dorsal papillae, with 
branchiform appendages at the base, rhinophores foliate, radula 
multiseriate. Single genus, Bornella, 

Fam. 7. Scyllaeidae. — Body oblong, compressed, two large 
foliated cerata with branchial appendages on the inner side, no 
tentacles, rhinophores large, radula multiseriate. Single genus, 
Scyllaea. 

Fam. 8. Phyllirrhoidae. — Body much compressed, with bovine 
head and neck, tail tapering, no tentacles, rhinophores simple, 
teeth few, no marginals. Single genus, Phyllirrhoe. 

Fam. 9. Pleurophyllidiidae. — Body elongate-oval, snout broad, 
covered by an arched shield with lateral angles prolonged, 
branchiae consisting of two rows of lamellae placed between the 
notaeum and the foot, no tentacles, rhinophores short, hidden, 
radula multiseriate. Single genus, Pleurophyllidia. 

Fam. 10. Pleuroleuridae. — Animal Pleurophyllidia, 

but without the branchial lamellae. Single genus, Pleuroleura. 

Fam. 11. Tritoniidae, — Body long, two rows of unequal 
arborescent cerata, rhinophores with ramose appendages, liver not 
prolonged into the cerata. Genera : Tritonia, Marionia. \ 

Section 2. Holohepatica. — Cerata medio -dorsal, retractile 
or not, usually paucifoliate, liver never ramified, usually no 
jaws. 

Fam. 1. Dorididae. — Branchia consisting of a circle or semi- 
circle of pinnate leaves imited at the base, surrounding the anus 
almost always retractile into a cavity, rhinophores foliate, no 
suctorial proboscis, radula multiseriate. Genera: BathydoriSy 

VOL. Ill 2 K 
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HexahraTickuSj 



Arch idoris (Fig. 

Cadliiia, 
modoris, 


289), Discodoris, Diaulula^ 
Centrodoris, Platydoris, Chro- 
Miamira, with many sub- 


genera. 


Fam. 2. Doriopsidae, — Branchia and 
rliinophores as in Dorididae, oral aper- 
ture pore-shaped, suctorial, no radula. 
Single genus, Dor tops is. 

Fam. 3. Phyllidiidae. — Body oval, 
depressed, leathery, a ring of branchial 
lamellae, only interrupted by the head 
and genital papilla, under the pallial 
edge, oral apertiue pore -shaped, suc- 
Fig. 289. — (^irc/aW 07 *) torial, 110 radula. Genera: PhylUdw., 

LSr 

rounding the anus ; 7/i, male preceding family in the group Porosto- 

inata, which, with Fam. 1, form the 
group Dorididae cryptoh'cinchiatae. 

Fam. 4. Polyceridae. — Body slug-like, branchiae not retractile, 
usually surrounding the anus, rliinophores foliate, tentacles 
simple, radula variable, central tooth generally wanting. Genera : 
Notodoris, Triopella, Aeyires, Triopa, Issa, Triopha, Crimora, 
Thecacera, Polycerella, Palio, Polyceray Ohola, Trevelyanay Nem- 
hrotha, Euplocamus, Plocarnopherus, Kcdinga. 

Fam. 5. Goniodoridae. — Body oval, depressed, branchia multi- 
foliate, usually disposed in shape of a horse-shoe, rliinophores 
foliate, retractile or not, mouth with a large suctorial proboscis, 
radula variable. Genera : Akiodoris, DoriduiiculuSy Acanthodoris, 
Adalariay LamellidoriSy Calycidoris, GoniodoriSy Idalicty Arvculay 
Drepania. 


organ ; rhy rlt, rliinophores. 

X 


Fam. 6. Corambidae . — Body otherwise i>oris-like, but with 
two posterior branchiae under the mantle edge, jaws present, no 
central tooth, about five laterals. Single genus, Corambe ( = 
Hypohranchiaea). Bergh unites this and the two preceding 
families in the group Dorididae phanerohranchiatae. 

Sub-order IV. Pteropoda. — The Pteropoda are pelagic 
animals in which the lateral portions of the foot are modified 
into fins, which are innervated by the pedal ganglia. Their 
systematic position has undergone recent revision. It has been 
the custom to regard them as an Order of equivalent value to the 
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other four, while some have held them to be a subdivision of 
Cephalopoda. Modern authorities, chief among whom is Pel- 
seneer, regard the Pteropoda not as a primitive, but as a derived 
and recent group. They are “ Gasteropoda in which the adapta- 
tion to pelagic life has so modified their external characters as 
to give them an apparent symmetry.” 

The principal point which relates the Pteropoda to the 
Gasteropoda is the asymmetry of the visceral organs, intestine, 
heart, kidney, and genital gland, which results from their 
development on one side only of the body. Their hermaphro- 
ditism and the structure of their nervous system relate them to 
the Euthyneura rather than to the Streptoneura. Eesemblances 
in the organs of circulation and generation approximate them to 
the Opisthobranchiata rather than to the Pulmonata, while of 
the two groups of the former, they tend to closer relationship 
with the Tectibranchiata than with the Nudibranchiata. The 
two sections of Pteropoda have been considered of distinct origin, 
the Thecosomata being derived from the BuUoidea, the Gym- 
nosomata from the Aplysioidea.* 

Thus the Pteropoda are a group whose true relations are 
masked by the special conditions of their existence, which have 
tended towards the development of certain organs, the so-called 
“ wings ” and the shell, which give them an apparent symmetry ; 
this symmetry disappears on a closer investigation of the internal 
organ.*-;. They are hermaphrodite ; the genital gland has a single 
efferent duct (except in some Cavolinia), a seminal groove leading 
to the copulatory organ, which in the Thecosomata is on the 
right side of the head, in the Gymnosomata on the right side of 
the foot. The genital system resembles that of the Opistho- 
branchiata and of the “ digonoporous ” Pulmonata. 

Section 1. Thecosomata. — Shell or cartilaginoid test always 
present, fins united by an intermediate lobe, ctenidia as a rule 
absent, replaced by secondary branchiae, no very distinct head 
or eyes, one pair of tentacles ; cerebral ganglia on the sides of 
and under the oesophagus ; radula with three rather large teeth 
in a row, generaUy unicuspid, jaw in two pieces, stomach with 
horny plates, anus generally on the left side. 

The Thecosomata feed on Protozoa and the lower Algae ; 

> It appears more convenient to treat the whole group together, rather than deal 
witli the two sectious separately. 
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they have no proboscis, and the intestine is flexni’ed. The fins 
are always closely connected with the head, or what answers to 
it. About 42 species are known, belonging to 8 genera. 

Fam. 1. Limctciniclae. — Fins very large, branchial chamber 
dorsal, anus on right side ; shell spiral, sinistral (ultra-dextral, 
see p. 249), operculate. Genera : Limacinay shell helicoid, 
deeply umbilicated (Z. lielicina swarms in Arctic seas and 
furnishes food for many Cetacea) ; PeracliSy spire turreted, 
aperture large, elongated, produced anteriorly, no umbilicus ; 
operculum sinistral, in spite of the shell being ultra-dextral. 

Fam. 2. Cavoliniidae, — Fins large, branchial chamber ventral, 



Fig. 290. — Illustrations of Pteropoda Tliecosomata : A, Limacina amiralis Eyd.; B, 
Cleodora cuspidata Bose, (shell only) ; C, Cuvierina columnella Hang ; D, Creseis 
virgula Rang ; E, Clio balantium Rang ; /, /. fins ; /, liver ; o, ovary ; sh, shell. 
(Alter Souleyet.) 


shell a non-spiral cone, angular or round, very thin, embryonic 

portion distinct, or formed of two separate plates. 

In Cavolinia ( = Hyalaeay Fig. 5, B, p. 10) the shell consists of 
two plates, the ventral being convex, with one to three sharp 
spines at the posterior end, the dorsal flatter, without spines. 
The apertui'e is broad, contracted dorso-ventrally. Two long 
pointed prolongations of the mantle project from the lateral slits 
of the shell, and probably serve to balance the bulky body when 
swimming. Fins trilobed at the margin. Cleodora has only 
rudimentary lateral piolbngations, fins bilobed, shell triangular, 
angles greatly produced, aperture very wide, dorsal side keeled. 
In Cuvierina the shell is straight, sub-cylindri(»l, with a median 
partition, slightly expanding towards the apex, which is truncated 
in the adult. The principal sub-genera of Clio are Creseis, which 
has an elongated sub-cylindrical shell, sometimes slightly curved. 
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smooth or grooved ; and Clio proper, in which the shell is long, 
angular, with a dorsal rib, apex ( = embryonic shell) rounded, 
constricted. Styliola and Hyalocylix also belong to this group. 

Fam. 3. Cyinhuliidae. — Test (which is not homologous with 
the shell of other Thecosomata) slipper -shaped, cartilaginoid, 
simply a thickening of the mantle ; embryo witli a calcareous, 
spiral, operculate shell. Genera : Cymhulia, Cymhuliopsis, Gleba. 

Three other families, Hyalithidae, Pterothecidae, and Conu- 
lariidae, from Palaeozoic strata, are generally added to the Thecoso- 
mata. All are fossil only, and it is doubtful whether they are 
really Molluscan. Pelseneer holds that no true fossil Pteropoda 
occur until the lower Tertiaries. 

Section 2. Gymnosomata. — Mantle and shell absent in the 
adult, fins not connected by a lobe, no branchial chamber, head 
well developed, with two pairs of tentacles, eyes on the posterior 
pair ; cerebral ganglia above the oesophagus ; buccal cavity pro- 
vided with a pair of protrusible hook-sacs,” radula generally 
with 4 to 12 hooked laterals, central tooth triangular, jaw in one 
piece, composed of horny plates, no horny plates in stomach, 
anus on the right side. 

The Gymnosomata are carnivorous, feeding on Thecosomata 
and other pelagic animals, being provided for this purpose with 
a formidable buccal armature of hook-sacs and suckers. The 
intestine, as usual in carnivorous groups, passes straight from the 
stomach to the anus ; the fins are not attached to the head, but 
to the anterior part of the body. The larva has a straight shell, 
which disappears in the adult. About 21 species are known, 
belonging to 7 genera. 

Fam. 1. Pneumodermatidae, — Animal fusiform, fins rather 
small, head prominent, anterior part of buccal cavity protrusible, 
with suckers on the ventral side, hook -sacs well marked ; 
branchia on right side, skin soft, pigmented. Genera : Bexio- 
Jyranchaea, no posterior gill, hook-sacs short ; Spongiolranchaea, 

posterior gill circular ; Pneumoderma, gill tetraradiate, hook-sacs 
long. 

Fam. 2. Clionopsidae, — Body barrel-shaped, proboscis three 
times the length of the body, no buccal appendages, hook-sacs 
short, no lateral gill, posterior gill tetraradiate, skin not picr- 
mented. Cliompsis is the single genus. 

Fam. 3. Notoh'aiwhaeidae, — Body ovate, bucc.al appendages 
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conical, no lateral gill, posterior gill with three radiating crests, 
skin pigmented. Notobranchaea is the single genus. 

Fam. 4. Clionidae , — Body long, angulated behind, proboscis 
short, mouth with two or three pairs of appendages, no jaw, no 
gills. 

Clione limacina is so abundant in Arctic seas as at times to 
colour the surface for miles. Each of the cephalic appendages 
has about 60,000 minute pediceUated suckers. 



Fio. 291. — A, An- 
terior portion of 
Pneumodernia ; 

B, Clione lima- 
dna Phipps ; 

C, HalopsyvJu. 

Gaud ichau di 
Soul. ; /, / fins ; 
h,Sy h.Sf hook - 
sacs ; Lft lobe of 
the foot ; 8^ s, 
suckers ; o, pos- 
terior genital 
orifice; U U 
tentacles. (After 
Souleyet.) 


Fam. 5. Halopsychidae , — Body ovate, thick, rounded behind, 
no gill or proboscis, fins long, narrow, broadened at the ends, 
epidermis sub-cartilaginoid. 

Hcdopsyche ( = Eurybia) has the power of withdrawing its 
head completely into a sort of pocket, which is closed by an 
anterior fold of the mantle. There are two long non-retractile 
buccal appendages. 

Order IV. Pulmonata 


Gasteropoda with two pairs of tentacles, visceral loop euthy- 
neurous, ganglia concentrated round the oesophagus ; breathing 
air by a pallial cavity formed by the union of the front edge of 
the mantle with the cervical region, sexes imited, shell present 
or absent, no operculum ^ (except in Amphibola). 

Sub-order I. Basommatophora. — Eyes generally at the base 
of the tentacles, which are not retractile, male and female genihil 
orifices separate, radula (p. 235) multi seriate, sh(*ll always piesent, 
exteniaL Fresh water or quasi -marine. 

’ An oixjrculiim is said to exist in the young foi ins of AnrUaht and hmmirrlla. 
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Fam. 1. A-UTiculidcie . — Breathing organ a pnlmonary sac or 
true lung; shell spiral, conoidal, internal partitions usually 


absorbed, aperture more or less 

strongly toothed. J urassic . 

Grenera : Auricula^ Caryehium, 
Scarahus, Alexia , Tralia, Piece- 
tremay Cassidulay MelamjmSy Leu- 
coniay Pedipes (Fig. 292). 

Fam. 2. Otinidae, — Shell auri- 
form, spire very short. Genera : 
Otinay Camptonyx, — Eecent only. 

Fam. 3. Amphibolidae. — A 
pulmonary sac on right side of 
neck, eyes almost pedunculate. 




shell turbinate, rudely sculptured, 
operculate. — Eecent. G^nus, 
Aviplhibola (Fig. 293) ; subg. 
Ampullarina, 

Fam. 4. lAmnaeidae. — Pul- 


Fig. 292. — Examples of the AuricvXidat: 
A, Auricula Jvdae Lam., Borneo ; B, 
Scarabus Lessoni Blainv., E. Indies ; 
C, Cassidula mustelina Desh., N. 
Zealand ; D, Melampus castaneus 
Miililf., S. Pacitic ; E, Pedipes quad- 
ridens Pfr., Jamaica. 


monary sac protected by an external lobe ; shell variable, fragile. 

Jurassic (i.) Ayicylinaey shell more or less limpet-shaped. 

Genera: AncyluSy Gundlachiay Latia, (iL) Limnaeinaey shell spiral 
Genera: Limnaeay Amphipepleay Erinnay Lantziay PompliolyXy Choa- 
nomphalus (with Carinifex). (iii.) Planorhinaey shell sinistral, spire 
flattened or elevated. Genera : PlanorhiSy Isidora ( = Biiliniis), 
Fam. 5. Physidae . — Mantle more or less reflected over the 

shell (radula. Fig. 141, C, p. 235); shell sinis- 
tral, lustrous. J urassic . Genera : PhysUy 

Aplecta. 

Fam. 6. Chilinidae, — Lobe of pulmonary 
sac large, tentacles broad ; shell ventricose, 

rather solid ; columella plicate. Miocene- . 

Chilirm. 

Sub- order n. Stylommatophora. — Two 

pairs of retractile tentacles (except in Janella), eyes at the tip of 
the upper pair, male and female orifices united (except in Vaginu- 
lidae and Onchidiidae), no distinct osphradium. 

Jam. 1. Testacellidae. — Animal carnivorous, slug-like or 
spirally coiled, no jaw (wlience the name Agnatha, often given 
to this group), radula with usually few, laige, sickle-shaped 
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teeth (p. 232), shell variable, rarely absent, usually external. 

Cretaceous . Principal genera : Chlamijdephoms (shell a 

simple plate, internal), Apcra, 
Testacella (slug- like, shell ter- 
minal), Strehelin, Streptostyla, 
Glandina, SfdasieHay Pctcnia, 
Pseudosuhulina, StrejitostelCy 
Toinostele, Streptaxis (Fig. 203), 
GihhuSy Eimecty Daudehardia (Fig. 
193), Schizoylossa, Guestcruiy 
AeropCy Parypliantay Phytida 
oaA A /’ 7 - ^ 7 (siibg. DiploinplialaSy Elaea and 

IG. hnnea {Gibhvhna) paUiiKja ^ ^ > 

P* r ; A', young of same ; B, (wibbus llhcJiea?) 

lyoneUanusV'M. O. — Shell 

internal, external, or absent; jaw present, radula Testacellidan, 

central tooth present. Tertiary . Genera : SeleniteSy 

PUttonia y TriyonoclilamySy PseudoviiUio: (?), Pathouisia (?). 

Fam. 3. Limacidae . — Shell present or absent, internal or 
external, spiral or not, tail often with a mucus jiore, jaw (Fig. 
107, A, ]). 211) with ])rojecting rostrum on cutting edge, radula 
with central tooth tricusjiid, laterals l)i- or uni-cuspid, marginals 

aculeate. Eocene . (lencra : Oioconchay Ur ocyclnSy Maria- 

dla (subg. Tenae ntia)y Pa naarioiiy Helicarioiiy Cystopcitay Aspi- 
deluSy Estriay Vitrinopsis (subg. Vitrinoideay Parmelhi)y Pamay- 
antiay Xaiiiaa ( = Ariopliantay including Parhystyhiy Physotay 
Heia iphctay Trochonaninay EuplectUy OrpieUay XestUy MacroclilamySy 
MicrocysfiSy SitahXy Kaliellay Duryellay Ansteniay Girasitty Parma- 
cochledy Africariojiy Sesavdy MacroceraSy and others), VitriniconuSy 
Parmavella y Limax (subg. AiaalWy and many sections), Vitriruiy 
(su1)g. Vitrinozo7iiteSy Veliferd)y Zonites (subg. Stenopiis, Moreletiay 
MesomphiXy Hyalinuiy Gastrodontay Pristiloma, Poecilozonites, 
^lliyrophorella?). 

Fam. 4. Pkilomycidae . — Shell absent, jaw limacidan, radula 
helicidan, shield covering all the body. Single genus, Philomycus 

( = Tehennoj)horus)y with subg. Pallifera. 

Fam. 5. Helicidae. — Shell present or absent, internal or ex- 
ternal ; jaw of various types, radula with central tooth tricuspid, 
equal in size to the first laterals, laterals bi- or tri-cuspid, margi- 
nals smaller, cusped. Eocene . Principal genera: Oopelta 

(no .shell), Arion (shell absent or formed of calwireous granules). 
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ArioHmax, Geomalacus, Anadenus (subg. Prophysaon), HemphiUia, 
Cryptostracon, Binneya, Helix (see below), Cochlostyla, Bulimus, 
(subg. Borus, Orphnus, Dryptus, Stropihochilus, Pashyotvs, and pos- 
sibly Cai-yodes, Leucotaenia, Li par us, Livinhacea, Pachnodus, Rachis, 
Atopocochlis, Cerastus, Clavaior belong here, or with Buliminus), 
Bererultia, Rhodea. Pilsbry proposes ^ to group Helix as follows ; 
A. Eggs or young very large at birth : 

(1) Maeroon, inch Acavus, Pijroeltilus ( = Phauia), Stylodonta, 
Helico'phanta. 

Eggs or young smaller or minute at birth : 

(2) l>cloQ07i(i, Female genital system with dart sac and 
mucus gland. Helix [restricted] (with 
sections Arionta, Campylata, Chilotrerna, 

Pomatia^ Mcicidaria^ Tachea, Iherus, Lep~ 
tcixiSy Pulotay FryAicicolciy Xcropliila ; 

Dorcasiciy AcustUy PlectotropiSy Aegistay 
Catliaicay Satsurndy Euliadra ; Lysinoe)y 
Gonostomciy Leucochrody AlloynatlmSy 
Cochlostyldy Poiyraitdy Hemitrochus (with 
sections Pldgioptychdy Dialeucdy Coryddy 

Jednerettui)y Glyptostoindy Acantliinuldy 
Vdllonid. 

(3) T'eleoplidUa. — Female system 
without accessories, male with fiagellum 

and appendix on penis; no epiphallus. 295. — Exan)i)ie of ti.e 

ci 1 /~i , • . A Macrotin PTniii-t nf 

odydety Cysticopsis. 

(4) EpiphdllophoTd. — Female system 
without accessories, male with epiphallus 
on penis ; no appendix. Caracolus (with 

sections Lucerudy Dentellaridy Isomeridy LdhyrinthuSy Eurycratevdy 

Partheudy PolydonteSy TlielidomuSy Cepolis)y Cavidena (incl. Phoe- 

nicohius)y Ohhdy Chloritis (incl. Hddrd\ Papuiridy Planispira (suber. 
Cristigihha). - ^ 

(5) Haplogoim, — All accessory organs absent, jaw soldered 

into one piece. Polygyra (incl. Daeddlochildy TriodopsiSy MesodoUy 
Stenotrema)y Endodonta (incl. Lihevdy Chdvopay Gerontidy Therasidy 
and others), Patuldy Trocliomorphdy AnoffJypta. 

(6) Pohjpldcogndtlia, — All accessory organs absent, jaw com- 
posed of 16-24 separate plates. Purictuviy Laorna. 

’ Vroc, Ac. Philud. 1892, p. 390. 



Maeroon group of Helix. 
Helicophania Souverhiaua 
Fisch., Madagascar, show- 
ing large embryonic shell ; 

xS. 
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Genera of doubtful position : Strobilops, ^mpelita, jPeditioffyra, 
Polygyratia, Macrocyclis, Solaropsis. 

Fam. 6. Orthcdicidae. — Eadula, p. 233. Shell external, large, 
buliinoid. Single genus, Orthalicus ; subg. LiguuSy Porphyro- 
haphe, Corona, 

Fam. 7. Bulimulidae, — Badula, p. 233; jaw, p. 211; shell 
usually external. Genera : Bulimulus (incl. Plecochilus, Gonio* 

stomuSy DrymaeuSy LiostrojcuSy OtostomuSy Naviculay ScutaluSy 

PeronaeuSy EurytuSy EudioptuSy PlectostyluSy Mesem- 
hrinuSy MormuSy etc. ; ThaumastuSy Nesiotis)y Plmo^ 
stylus (incl. Charis^y AmphidromuSy Partulay Calycia 
{'l)y Peltella (animal limaciform, shell internal), 
Pelliculay Amphibulimus (incl. Simpulopsis). 

Fam. 8. Cylindrellidae. — Eadula, p. 233 ; shell 
many whorled, long turriculate, last whorl often 
detached, apex often truncated (Fig. 169, p. 260). 

. Genera : Cylindrella (with sec- 



tions Calloniay Thaumasia)y Leiay MacroceramuSy 


Fig. 296. — Odon^ Eocene 

tostomus pan- 
tagruelinua 

Monc., s. pineria, 

Brazil. X*. . 

Fam. 9. Pupidae, — Eadula, p. 233 ; shell 
external, spire usually long, aperture often narrowed, more or 

less toothed, often with internal lamellae. Carboniferous 

Genera: Anostoma (Fig. 154, p. 24:^)y Hypselostoma (Fig. 202, A, 
p. 302) ; Anastomopsis (Cretaceous), Lychnus (Cretaceous), Boysiay 
Odontostomus (incl. Toniigerus\ Buliminus (incl. 

PetraeuSy NapaeuSy Zehrinay MastuSy Chondrulay 
EnUy and perhaps BachiSy PachnoduSy HapaluSy 
and others). Pupa (incl. Torquillay Pupillay 

Sphyr odium y Leucochiloy etc.), Zospeumy Vertigo y 
MegaspirOy StrophiOy HolospirOy Euccdodium 
(incl. Coelocentrurri)y CoeliaxiSy PerrieriOy Balea ; 

Rillya (Eocene), Clausilia (with many sub- 
genera) Rhodina (?). Fio.297.— A,C?aMjp£?ia 

Fam. 10. Stenogyridae, — Eadula, p. 234; crasncost^ b^, 

shell long, spiral, shining, more or less trans- Mia macarana 
lucid, apex blunt, sometimes decollated. Zieg., Daimstu ; 

Eocene . Genera: Stenoffyra(Buhg.Iiumina, 

Oheliscus, Opf.as, Melciniella, Sptraxis, LeptinaTia, ^ 

Nothus, SuhulivM, Glessula), Fervssmia (subg. Ciovella, Azeca), 
CaecHianella (subg. Geostilhia), Achatina (shell large, ventncosc, 




B', clausilium of 
same. 
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columella strongly truncate), with the sub-genera Perideris, 
Limuolaria, Columna^ Pseiuiacliatina, Homorus, probably belongs 
to a distinct family. 

Fam. 11. Acliatinellidae . — Eadula, p. 234; shell small, buli- 


nioid, indifferently dextral or sinistraL Genera : Achatinella 
(subg. Auriculella, Amastra, Carelia), Tornatellina. 

Fam. 12. Succin^idae. — Radula, p. 234; lower pair of ten- 
tacles wanting or small ; shell internal or external, thin, spiral 


or not, last whorl large. Eocene . 

Genera : Succinca, Homalonyx, Hycdimax, 
(?) LithotiSy (?) Catinella. 

Fam. 13. Janellidae. — Eadula, p. 234 ; 
animal slug-like, no lower tentacles, shell 
an internal plate. Single genus, Janella 
( = AtliOTacophorus\ with subg. Aneitea, 

Fam. 1 4. VaginuUdae. — Radula, p. 
234 ; animal slug-like, covered with a 
coriaceous mantle, lower tentacles bifid, 
genital orifices widely separated, male 
behind the lower right tentacle, female 
on inferior median part of right side, 
anus and pulmonary orifice nearly terminal; 
shell absent. Single genus, Vaginula 
( = Veronicella). 



Fio. 208 . — Achatina zebra 
Lam., S. Africa. x^. 


Fam. 15. Orudiidiidae . — Body oval, mantle thick, often warty, 
sometimes set witli ‘‘eyes” (p. 187), two tentacles, genital orifices 
widely separate, anus and pulmonary orifice as in Vaginula ; no 
shell. Genera : Peronia^ Oncliidium, Onchidiella. The family 

appears to be an instance of Pulmonata reverting to marine 
habits of life. 
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CLASSES SCAPHOPODA AND PELECYPODA 


CLASS SCAPHOPODA 


Head rudimentary, mantle edges ventrally concrescent, forming 

a tube opening before and behind, and 
covered with a shell of the same shape ; sexes 
separate. 

The Scaphopoda form a small but very 
distinct class, whose organisation is decidedly 
of a low type. The hody is usually slightly 
curved, the concave side being the dorsal ; 
muscles near the posterior end attach the 
body to the shell. The foot, which can be 
protruded from the anterior or wider aper- 
ture, is rather long, pointed, and has some- 
times two lateral lobes (Dentalium), some- 
times a terminal retractile disc (Siphonoden- 
talium), sometimes a retractile disc with a 
central tentacle {Pulselhirri), The cephalic 
region, as in Pelecypoda, is covered by the 
mantle. The moutli is situated on a kind of 
projection of the pharynx ; the buccal mass, 

^anterior containing the radula (p. 236), is at the 

base of tlie foot, and the intestine branches 



LI 


Fig. 299.- 
Denialiuin 

aperture of mantle ; y, 

foot^^^, genital gland^^^ forwai’d from the front part of the stomach. 

The liver (Fig. 299) is paired, and consists 
of a numl^er of syiniiietrical, mdiating coeax, 
Tliere are no eyes, but on e^ich side of the mouth ai’e small 
bunches of exsertile filaments (cajdac/ultf), which a])})ear to act as 


(After 

thiers.) 


Lacazc - Du- 
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tactile organs for the seizing of food. There is no special respir- 
ing apparatus, heart or arterial system, breathing being conducted 
by the walls of the mantle. The nervous system has already 
been described (p. 205). 

Two kidneys open on either side of the anus. The genital 
gland is large, occupying nearly all the posterior part of the body, 
the sexual products being emitted through the right kidney. 
The veliger has already been figured (p. 131, Fig. 44). The 
embryonic shell is formed of two calcareous laminae, which sub- 
sequently unite to form the tube. 

With regard to their general relationships, the Scaphopoda 
resemble the Gasteropoda in their univalve shell, and in the 
possession of a radula ; while the pointed foot, the non-lobed 
velum in the veliger, the generative system, the bilateral symmetry 
of the organs generally, and the absence of any definite head, 
eyes, or tentacles, are points which approximate them to the 
Pelecypoda. 

The Scaphopoda are known from Devonian strata to the 
present time. They are found at a depth of a few fathoms to 
very deep water. The only three genera are Dentcdium, Sipliono- 
dentalium (subg. Cadulus), and Pulsellum, which difler in the 
structure of the foot, as described above. 

CLASS PELECYPODA 

Cephalic region rudimentary, mantle consisting of two sym- 
metrical right and left lobes, covering the body and secreting a 
bivalve shell hinged at the dorsal margin ; no radula, sexes usually 
separate. Keference has already been made to the reproductive 
system (p. 145), breathing organs (p. 164 £), mantle (p. 172), 
nervous system (p. 205), digestive system (p. 237 f.), and nomen- 
clature of the various parts of the shell (p. 269 f.). 

The shape of the shell, in many Pelecypoda, involving as it 
does the position, size, and number of the adductor muscles, is 
probably due to mechanical causes, depending on the habits and 
manner of life of the individual genus. Thus in a typical 
dimyarian or two-muscled bivalve, e.g. My a (Fig. 300, A), the 
adductor muscles lie well towards^ each end of the long axis of the 
shell, with the hinge about midway between them. In this 
position they are best placed for effectually closing the valves. 
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and since they are nearly equidistant from the axis of motion, i.e, 
from the hinge, they do an equal amoimt of work, and are about 
equal in size. But in a form like Modiola, where the growth of 
the shell is irregular in relation to the hinge-line, the anterior 
muscle is brought nearer and nearer to the umbones, where its 
power to do work, and therefore its size, becomes less and less. 
But the work to be done remains the same, and the posterior 
muscle has to do it nearly all ; hence it moves farther and farther 
away from the hinge-line, and at the same time gains in size. 
In shells like Ostrea, Pecten, and Vulsella^ the anterior muscle, 
having drawn into line with the hinge and the posterior muscle, 
becomes atrophied, while the posterior muscle, having double work 
to do, has doubled its size.^ 

The development of the foot, again, largely depends upon habits 


A B ^ 

Fig. 300. — Illustrating-changes in the position and size of the adductor muscles accord- 
ing to the shape of the shell: A, Mya ; B, Modiola ; C, Vvlsella. The upper 
dotted line shows the hinge-line, the lower connects the two muscles. 

of life. It is well developed in burrowing forms, while in sessile 
genera {Ostrea, Chama, Spondylus) it becomes unnecessary and 
aborts. Even in PecteUy which does not become sessile, but has 
ceased to use the foot as an organ of progression, a similar result 
follows. Forms which burrow deeply often gape ’’ widely, some- 
times at one end only, sometimes at both. Venus, Donax, fellina, 
Mdjctra, which are shallow burrowers, do not gape ; Solen, Lutraria, 
and to a less degree Mya, burrow deeply and gape widely. In 
order to burrow deeply the foot must be highly developed, and 
the larger it becomes, the more will it tend to keep the valves 
apart at the place where it is habitually protruded. Burrowing 
species always remain in communication with the surface by means 
of their siphons, the constant extension of which tends to k^p 
the valves apart at the end opposite to the foot. Burrowing 

* Compare Jackson, Awr. Nai, xxv. p. 11 f. 
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species, again, tend to burrow in such a way as to descend most 
easily, and not be impeded by their own shells ; in other words, 
they act as a wedge, and descend with their narrowest part fore- 
most. But the burrowing organ, the foot, has to follow suit, and 
gradually draws round to the narrowest part of the shell, so that 
the habitual deep burrower, such as Lutrariay lies with its long 
axis exactly at right angles to the surface, its siphons protruding 
from, and keeping open, the uppermost or posterior margin of the 
shell, and the foot producing the same effect upon the lower 
or anterior margin. The deeper the burrower, the more elongated 
does the shell become, until, through forms like Pholas and 
Saxicava, we arrive at Solen, the most highly specialised burrower 
of all, in which the breadth of the shell is equal throughout, 

and no obstructive curve exists to impede its rapid ascent or 
descent. 

The Pelecypoda have been classified in various ways ; by the 
completeness or sinuation of the pallial line, depending on the 
absence or presence of siphons, by the number of adductor 
muscles, by the character of the hinge- teeth, and by the number of 
the branchiae. For various reasons, none of these methods have 
proved entirely satisfactory. That adopted here was suggested by 
Pelseneer, and depends upon the character of the branchiae them- 
selves, as suggesting successive stages of development (p. 166 f.). 

Order I. Protobranchiata 

Branchial filaments not reflected, the two rows inclined at a 
right angle (more or less), ventral surface of foot more or less 
flattened, byssogenous apparatus little developed, a single anterior 
aorta, kidneys distinct, sexes separate, each genital gland open- 
ing into the corresponding kidney. 

Fam. 1. Nucvlidae. — Labial palps very large, rows of branchial 
filaments at right angles to one another, mantle edges open, 
siphons contracted, foot disc-shaped, elongated ; shell equivalve, 
oval, or produced, interior generally nacreous, hinge with numerous 

saw-like teeth. Silurian . Principal genera : Nucula (heart 

dorsal to the rectum) ; Palaeoneilo (Devonian), (?) Sarepta, Leda, 
Yoldia, Mcdletia; Tyndaria (Upper TQxtmry), Lyrodesma (Siluiian)[ 
Actinodonta (Silurian), Bdbinka (Silurian). 

Fam. 2. Solenomyidae. — Labial palps united, one row of 
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brancliial filaments dorsally, the other ventrally; mantle 

edges ill great part united postero-ventrally, a single siphonal 
orifice with two very long tentacles, foot proboscidiform, with a 
round denticulate disc at the end ; shell equivalve, resembling a 
Solciiy with a strong corneous periostracum ; no hinge-teeth, liga- 
ment internal. Single genus, Solenomya, (?) Cretaceous . 


Order II. Filibranchiata 


Rows of branchial filaments parallel, pointing ventrally, re- 
flected, and provided with interfilamentary ciliated junctions, foot 
usually with a well-developed byssogenous apparatus. 

Sub-order I. Anomiacea. — Heart dorsal to the rectum, a single 
aorta, foot small, anterior adductor very small ; shell ostreifonn, 
no hinge-teeth, fixed by a calcified byssus traversing the right 
valve (Fig. 173, p. 262). 

Fam. Anomiidae, Jurassic . Genera: Amomia, Pldciina^ 

nomia ; Carolia (JEocenQ), Placuna ; Hypotrevia (S\\i'di^^iG)yPlacun- 
opsis (Oolite). 


Sub-order 11. Arcacea. — Mantle edge open, both adductors 
well developed, heart witJi two aortae, branchiae free, without 
interlamellar junctions, no siphons; renal and generative aper- 
tures distinct. 

Fam. 1. Arcadne. — Mantle edge with composite eyes; shell 
ground or trapezoidal, solid, often with stout bushy periostracum ; 
ligament often external, on a special area ; hinge with numer- 
ous lamelliform teeth. Ordovician . 

Principal genera : Area (inch Barhatiay 
Seaphvla^ and Civcullaea\ heart dorsal to 
rectum ; PectuncvluSy Glormts, Limopsis ; 
Trinacria and Nuculiim (Tertiary). 

Fam. 2. Trigoniidae. — Foot large, 
hatchet -shaped, with ventral disc; no 
byssus, mantle edge with ocelli ; shell 
sub-trigonal, liinge-teeth few, strong; lu- 

„ m . • terior violet - nacreous. Devonian 

Fig. 301. — Tnfjonui pecti- t • i eAV 

nata Lam., Sydney, Genera : Trigouia ; Myophona anti ocriiz- 

odus (Trias), Cyrtonotns (Devonian). 

Sub- order III. Mytilacea. — Mantle edges fused at one point, 
anal orifice distinct, anterior terminal adductor small, one aorta. 



N.s.w. 




PSEUnOLAMEr.LIBRANCHtATA 


(.pen, looc little developed, anterior 
iidiluctor usually aborted, luauchial filaments reflected; with inter- 

lamellar junctions, which are sometimes vascular; genital glands 

opening into the kidneys or close to the apertures of the kidneys. 

Jam. l.^viculidae. — Foot long, tongue-shaped, byssogenous 

ai>paratus well developed, branchiae concrescent with the mantle, 

adductor muscle sub-central, at times a small anterior adductor! 
siphons absent ; shell usually 

iriecjui valve, dorsal margin 
straight, often very long, 
winged, lateral teeth much 
prolonged ; structure of sliell 
cellular, inside prismatic, out- 
side nacreous. l^ilaeozoic 

Principal genera : 

Avicula^ including Melca^ 

(jrina, Mnlleus; Vulsella (no 
wings or hinge-teeth) ; Per 
(ligaments in a number ( 

(Palaeozoic and Secondary) ; 
zoic) ; Pinna ; Aviculopinna 
Pam. 2. Prasinidiae. — Sh 
curved, anterior side depressed, hin 
projections of the lunule fitting 
liecMuit. Single genus, Prasina. 

!tAM. 3. Ostreidae, — Heart (/en 


Fig. 302 . — Avkula heteroptera Lam., Australia, 
showing the iuequivalve shell and byssal 
sinus {b.s). 


rectum 

iiiecpii- 
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(lii])li('ato(l, folded back, with pallial ocelli; branchiae not con- 

crescent with the mantle ; shell 
with unecjual ‘‘ ears at the iimho, 
hinge -teeth lamelliform, often ob- 
scure. Silurian . Principal 

genei’a : redum, Chlamys, HinniteSy 
Hem ipccfen, A in nssiuin, Pecfen ; A ri- 
ciilopectcn (Palaeozoic), Creiiijiecfen. 

v'^'am. 5. Limidae. — Mantle edge 
as in PectcUy tentaculate ; shell 
sul)-e(fui valve, eared, fixed hy a 

byssus or free. Carboniferous . 

Genera: Lima (Fig. H5, p. 179). 
Limed. 

Fam. (). Spondylidne. — Foot with 
a peduncular appendage, no 
])yssus, nuiiH^rous ])allial ocelli ; shell fixed by right valve, 
surface often very sj)inose, two cardinal te(‘th in each valve. 
Jurassic . (Jenera : JHicatula, Spondylus ; Tcrqucmia (Lias). 


Fic;. 303 . — Pecten paUium L., 

Indies. 



Fig. 304. — Spmuiylus 

petroselinxiin Sowb., 
Mauritius ; on a coral. 


Fam. 7. Dimyidae . — Sliell ostreiforin, fixed, hinge 
without symmetrical teeth, two muscular impressions, 
genus, Dimya (Tertiary). 


with or 
Single 
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I ! Order IV. Eulamellibranchiata 

Mantle edges united at one or more points, brancliiae with 

interfi lamentary junctions which are always vascular, genital 

glands not opening into the kidneys, usually two adductor 
muscles. 

Sul)“Order I. Submy Lilacea. — IMantle edges more or less open, 
anal orifice distinct, usually no siphons, pallial line usually simple, 
cardinal and lateral teeth well marked. 

1am. 1. Carditidae. — loot with a byssus or groov’e, branchiae 
laige, unequal , shell equivalve, solid, radiately grooved, one or 

two oblique cardinal teeth, one or two laterals. Silurian 

I’rincipal genera: Venericardia, Cardita, Carditella, Carditopsis, 
Mdnerm ; Fleurophorus (Palaeozoic), Aiwdontopsis (Silurian). 

Fam. 2. Astartidae. — A short anal sij)hon, labial palps large ; 

shell triangular, thick, ligament external, hinge with two or 

three cardinals in each valve, laterals obscure. ? Devonian 

Irincipal genera: Astarte ; Pcichytypus (Jurassic), Plesiastarte 

(Eocene), Parmtarte, Woodia, Opts (Secoudaiy strata), Prosocoelns 
(Devonian). 

Fam. 3. Crassatellidae.— Mantle with anal orifice or open • 
shell equivalve, tliick, subtriangular, ligament in an internal fos- 
sette, hinge with two cardinals, laterals produced. Cretaceous 
Principal genus, Crassatella. ' 

Jam. 4. Cardtniidae. — Shell equivalve, oval or triaimular 

ligament external cardinal teeth small, laterals fairly srrono’ 

Devonian- -Oolite. Principal genera : Cardinia, Anthracosia , 
Larbomcola^ Anoplojihora. 

Fam. 5. Cy^inidae.—\na\ and branchial orifices complete 
papillose, foot thick j shell variable, equivalve, 

thick, umbones often spiral, hinge teeth very 

variable, ligament external. Jurassic 

Principal genera: Cyprirui; Pygocardia (Crag), 

Veniella (Cretaceous), Venilicardia (Second- 
ary strata), Anisocardia (Jurassic), Isocardia, 

Lihitina, Corcdliophaga ; Basterotia (Eocene).* 

The families Pachydomidae (Palaeozoic) and — 

^cgolodoTitidcic (Palaeozoic — Secondary) are — isocardia vui~ 

probably related to the Cyprinidae. 

t am. 6. Aethemdae. — Anal orifice complete, foot absent, labial 
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palps large; shell irregular, free or fixed, no hinge teeth. 
Fluviatile, recent only. Genera : Aetheria, Mulleria, Bartlettia. 

Fam. 7. Unionidae, — Foot large and thick, no byssus, anal 
siphon short, branchial orifice complete or not, siphon present or 
absent, embryo of certain groups passing through a glochidium 
stage (p. 146); shell equivalve, sometimes very thick, nacreous 

within, hinge variable. Fluviatile. Jurassic . Principal 

genera : Unio (subg. Arconaia\ Monocondylaea, Pseudodon, Ano- 
donta^ Solenaiay Mycetopus, Mutela^ Spathaj Syria, Castalia, Leila. 

Fam. 8. Dreissensiidae. — Both siphons prominent, foot tongue- 
shaped, byssiferous ; shell mytiliform, with small internal septum. 
Genera : Dreissensia ; Dreissensiomya (Tertiary). The common 
Preissensia polymorpha Pall, was distributed over large parts of 
Europe in later Tertiary times. From unknown causes it died 
out, and has during the past two himdred years been regaining its 
position, migrating N. and W. from its original habitat, the 
Caspian, by the Volga and its Oka confluent. 

Fam. 9. Modiolopsidae. — Shell mytiliform, ligament exterior, 

hinge teeth small, rather numerous. Palaeozoic . Principal 

genera : Modiolopsis, Cyrtodonta, Mytilops, Ptychodesma. 

Fam. 10. Lucinidae. — Anal orifice sometimes with a siphon, 
branchial orifice complete or not, sometimes a single branchia ; 
foot very long, vermiform, no byssus, anterior adductor long; 
shell rounded, equivalve, blanched, hinge with two cardinals and 
two laterals in each valve, sometimes toothless, ligament more or 
less internal. Silurian . Principal genera : Lvcina, Corhis, 

Axinus, JDiplodonta, Montacuta. 

Fam. 11. Ungvlinidae. — Anal orifice complete, foot vermiform, 
no byssus, two branchiae ; shell equivalve, subcircular, hinge 
teeth variable, no laterals, adductor impressions long, continuing 
the pallial line. Tertiary . Single genus, UngulincL 

Fam. 12. Unicardiidae. — Shell equivalve, round or oval, 
cardinal shelf large, a single cardinal in each valve, ligament 
external. Carboniferous — Cretaceous. Genera : Unicardium, 

Scaldia, Pseudedmondia. 

Fam. 13. Kelly ellidae. — Anal siphon prolonged, no marked 
branchial orifice ; shell very small, oval or round, anterior lateral 
very strong, under the cardinal Eocene Genera : Kelly - 

ella ; Allopagiis and Lutetia (Tertiary), Turtonia. 

Fam. 14. Erycinidae. — Mantle edges with three apertures. 
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branchial orifice on the buccal margin, foot long, broadened, with 

a byssus, animal usually viviparous. Tertiary . Genera : 

ErycinUy Kellitiy Pythinay Lasaecty Lepton. 

Fam. 15. Oaleommidae. — Mantle edges more or less reflected 
over the shell, apertiu^es and foot as in Erycinidae ; shell thin, 

equilateral, hinge with few teeth or none. Tertiary . 

Genera : Galeommciy Scintillay Sportcllay Chlamydoconchay Hinds- 
iellay Epliippodonta (Fig. 32, p. 81). 

Fam. 16. Cyrenidae. — Siphons short, foot large, no byssus; 
shell equivalve, subtriangular, with periostracum, hinge wuth two 
or three cardinals, laterals present ; animal hermaphrodite, 

viviparous. Fresh or brackish water. Jurassic . Genera: 

Cyrenay Corhicida (subg. BatisscCy Velorita)y Spliaerium ( = Cyclas\ 
Pisidiuniy Galcdeay Fischeria. 

The families Cyrenellidae (single genus Cyrenella) and 
Panyiidae (single genus Ecmgia) are probably to be placed here. 

Sub-order II. Tellinacea. — Siphons long, separate, foot and 
laljial palps very large, pallial sinus deep, two adductor muscles. 

Fam. 1. Tellinidae. — External branchial fold directed dorsally, 
foot with byssogenous slit, but no byssus, branchiae small ; shell 
compressed, equivalve, ligament external, at least two cardinals 

in each valve, laterals variable. Cretaceous . Principal 

genera : Telling (with many sections), Gastrana. 

Fam. 2. ^S^ohiculariidae. — Animal as in Telling ; shell orbicu- 



late or long oval, equivalve, 
hinge teeth weak, liga- 
ment in an internal cavity. 
Tertiary . Prin- 

cipal genera : Scrohicu- 
Igruty Syndosmygy Theorg, 

Cumin gigy Se mele. 

Fam. 3. Donacidge . — 
External branchial fold 
directed ventrally ; shell 


Fig. 306. — TeUina rastellum Hanl., East Indies. 


equivalve, subtriangular, solid, smooth, two or three cardinals in 

each valve, laterals variable, ligament external. Jurassic . 

Genera ; DonctXy Iphigenigy Isodontg. 

Fam. 4. Tgncrediidae. — Shell donaciform, ligament external, 
cardinals usually two in each valve, posterior laterals strong. 
Trias . Genera : Tg'mredig (Secondary strata), Hcmidongx. 
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I AM. 5. Cardiliidae , — Shell heart-shaped, hinge as in Mactridae, 
posterioi adductor resting on a inyophore or shelf. Sino^le o’enus 
Cardilia. Tertiary . 

Jam. 6. Mesodesmatidae , — Mantle edges largely united, with 
three orifices, foot byssiferous or not; shell regular or irregular, 

usually one cardinal and strong lateral teeth. Tertiary . 

Genera : Mesodesjua, Ervilia, 

Fam. 7. Mactridae. — External branchial fold directed ven- 
trally, siphons fused, foot tongue - shaped ; shell equivalve, 
triangular-oval, hinge with ligament in an internal fossette, 
another portion external, a bifurcated cardinal tooth in the left 
valve, fitting into a branching tooth in the right valve, laterals 

present. J urassic . Genera* : Moyctray Harvellay Bactay 

Eastoniay Hcterocarduiy Vanganella. 

Sub-order III, Veneracea. — Branchiae slightly folded, foot 
compressed, siphons generally short, pallial line variable, two 
adductor muscles. 

Fam. 1. Veneridae . — Siphons free or partly united, foot 
seldom byssiferous ; shell solid, equivalve, hinge usually with three 

cardinal teeth, laterals variable. 

J urassic . Principal genera : 

Cythereay Circe ; Grateloupia (Ter- 
tiary), MeroCy Dosinia ( = Arteviis), 
Cyprimeriay Cyclijiay Venus, Clem- 
entia, Lucinopsis ; Thetis (Creta- 
ceous), 'Tapes y Venerupis. 

Fam. 2. Betricolidac. — Animal 

Fio. 307— Lam., Pern, perforating rocks ; shell oval, 

slightly gaping behind, two or three cardinals, no laterals, 

pallial sinus well marked. Kecent Genera : Petricolay 

Naranio. 

Fam. 3. Gla'itcomyidae . — Siphons long, united, foot small ; 
shell produced, thin, hinge with three cardinals, no laterals, 
pallial sinus well marked. Eecent. Genus, Glaucomya (incl. 
TanysiphoTi). 

Sub-order IV. Oardiacea. — Branchiae much folded back, 
mantle edges with three apertures, foot cylindroidal, more or less 
produced, siphons present or absent, one or two adductor muscles, 
pallial line variable. 

Fam. 1. Cardiidae. — Siphons rather long, foot long, no 
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it between their gaping valves, a man’s hand or foot 
he withdrawn. Two valves of '1\ gigas in the British 
jigh respectively 154 and 156 lbs. 

Chamidae. — Mantle orifices widely separated, foot 
byssus, both adductors present, ovary invading the 

oy mantle lobes; shell fixed, irregu- 

k larly inequivalve, umbones spiral, 

n external, cardinal teeth 

m often a mere ridge, anterior lateral 
Mi strong, nearly central, no pallial 

m sinus. J urassic . Genera : 

' sF C'/tarna; i^i6*era5( Jurassic), attached 

umbo, umbones very promi- 
V nent, teeth strong ; Heterodiceras 

Requi^ia ^ u^assic), Reqidcnia (Cretaceous), 

I, X ^ ; B, Hippurites left valve widely spiral, attached 

[gTvaWe’?;;, p^“n“-. by the umho, right valve small, 
oni Zittei.) fitting on the other as an oper- 

eth obsolete ; I’oucofday Ajpricardia, Matheronia (all 
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The four succeeding families require special study in a work 
on Palaeontology. 

Fam. 5. Monopleuridae. — Shell very inequivalve, left valve 

opercuhforra, right conical or spiral, fixed at the apex, ligament 

prolonged in external grooves. Cretaceous Genera: 

Monopleura, Valletta. 

Fam. 6. Caprinidae. — Shell very inequivalve, thick, free or 

fixed by apex of riglit valve, which is spiral or conical, left valve 

spiral or not, often perforated by radial canals from the umbo to 

the free margin. Neocomian and Cretaceous . Principal 

genera : Plagioptychus, Caprina, Ichthyosarcolites, Caprotina, 
Polyconites, 


Fam. 7. Hippuritidae ( = Rudistae^ — Shell very inequivalve, 
externally as in Caprinidae, umbo central in left valve, no liera- 

• * O 

ment proper, left valve with strong hinge teeth and grooves, two 
adductor impressions on prominent myophores, shell structure 
of the two valves differing. Cretaceous only. Single genus, 
Hippurites (Fig. 309, B). 

Fam. 8. Radiolitidac. — Shell inversely conical, biconical, or 
cylindrical, general aspect of Hippurites, umbo of left valve 
central or lateral, right valve with a thick outer layer, often 
foliaceous, umbonal cavity partitioned off by laminae. Cretaceous 
only. Genera : Radiolites, Biradiolites, 

Sub-order V. Myacea. — Branchiae much folded back, mantle 
edges usually with three openings, foot compressed, siphons large, 
united or not, two adductor muscles, pallial line variable. 

Fam. 1. Psammohiidae, — Siphons long, not united, foot large, 
not byssiferous; shell equivalve, long, oval, slightly gaping at 
the ends, ligament external, prominent, two cardinal teeth in 

each valve, no laterals, a deep pallial sinus. Jurassic . 

Grenera : Psammohia, Solenotellina, Sanguinolaria, Asapkis, Elizia, 
Quenstedtia (Jurassic). 

Fam. 2. Myidae. — Pedal orifice small, siphons long, united in 
great part ; shell inequivalve, gaping at one or both ends, perio- 
stracum more or less extensive, ligament internal, resting on 

a prominent shelf ; hinge teeth variable. Cretaceous . 

Genera: Mya, Tugonia, Sphenia, Corhula, Lutraria (for which 
latter some propose a separate family). 

Fam. 3. Solenidae. — Foot long, powerful, more or less cylindri- 
cal, no byssus, siphons usually short, united or not, branchiae 
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narrow ; shell equivalve, long and narrow, gaping at both ends, 
with periostracuni, unibones flattened, ligament external, hinge 

teeth variable. ? Devonian . Genera : Solecurtus, FhareUa 

Phams, Cultellus, Siliqua, Pnsis, Solen, 

Orthonota (?), Palaeosolen (?). 

Fam. 4. Glycivieridae. — Pedal orifice 
very narrow, siphons long, united in great 
part, often covered with periostracuni ; 
shell more or less equivalve, gaping at 
both ends, hinge tootliless or with two 
weak cardinals, ligament external ; animal 

free or perforating. Cretaceous . 

Genera : Glycimeris, Saxicava, Cyrtodaria. 

1am. 5. Gastrochaeyiidae. — Foot small, 
cylindrical, no byssus, branchiae narrow, 
siphons long ; shell perforating or 
cemented to a shelly tube, gaping widely 
on tlie anterior and ventral sides, no 
hinge teeth, a deep pallial sinus. Cre- 
taceous . General : Gastrochaena, 

J^istulana (tube with a median diaphragm, 
perforated by the siplions). 

Sub-order VI. Pholadacea. — Mantle 

edges largely closed, siphons long, united, 
foot short, truncated, disc-shaped, liga- 
ment absent, two adductor muscles ; 
animal perforating. 

1am. 1. Pholadidac. — Organs con- 
tained within the valves, ctenidia 
prolonged into tlie branchial siphon, 
shell more or less gaping, thin, dorsal 
margin in part reflected over the um- 

bones, one or more dorsal accessory pieces, fio. Zio.-Tercdo navalis 
no hinge teetli, an interior apophysis 

proceeding from the umbonal cavity. 

Jurassic . Genera : Pholas, Talona, 



V, valves of shell ; T, tube ; 
P, pallets ; SS, siphons. 
(After Mobius.) 


PholacUdea (posterior extremity of the valves prolonged by a 
corneous appendage, a passage to the long tube of Teredo), 
Jouannetia, JCylopha-ga, Martesia ; Teredina (Eocene). 

Fam. 2. Teredinidae — Animal vermiform, ctenidia mainly 
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within the brancliial siphon, siphons very long, with two cal- 
careous appendages pallets ’*) near the anterior end, shell very 
small, continued into a long calcareous tube, valves deeply notched, 

internal apophysis as in Pholadidae. Liiis . Single 

genus. Teredo (Fig. 310). 

Sub-order VII. Anatinacea. — External branchial fold directed 
dorsally, not reflected, sexes united, ovaries and testes with sepa- 
rate orifices, mantle edges largely united, byssus usually absent, 

two adductor muscles, pallial line variable, shell usually nacreous 
within. 


Fam. 1. Pandoridae. — Siphons short, largely united, foot 
tongue-shaped ; shell free or fixed, inequivalve, semilunar, or 
subtriangular, ligament often with calcareous ossicle, pallial line 

complete or with slight sinus. 

Cretaceous . Genera : Pa7i~ 

dor a, My odor a, Myocharna. 

Fam. 2. Chamostreidae, — Shell 
fixed, ChamaAWiey thick, umbones 
spiral, ligament with ossicle. 
Single genus, Chamostrea. 

Fam. 3. Verticordiidae. — 
Siphons not prolonged ; shell 
heart-shaped, umbones prominent, 
spiral, ligament with an ossicle, 

Fio. 311. — Myocharna stutchburyi A. pallial line complete. Miocene 

Ad., attached to Circe undatina Genera ' Verticordicb 

Lam., Moretoii Bay. \ ^ * 

Mytilimeria, Lyonsiella. 

Fam. 4. Lyonsiidae. — Foot short, byssiferous, siphons short, 
separate, shell inequivalve, hinge teeth usually absent, ligament 

and ossicle in an internal groove. Eocene . Single genus, 

Lyonsia. 

Fam. 5. CeromyidoA^. — Shell inequivalve, large, heart or wedge- 
shaped, hinge toothless, ligament internal in one valve, external 

in the other. Secondary strata . Genera : Ceromya, Gresslya, 

Fam. 6. Arcomyidae, — Shell equi valve, thin, surface finely 
granulated, hinge toothless, cardinal edge dentiform, ligament 
external. Secondary and Tertiary strata . Genera: Arcomya, 

Goniomya, Pleuromya, Machomya. 

Fam. 7. Anatinidae. — A fourth (? byssal) pallial orifice, siphons 
long, separate or fused ; shell thin, sometimes inequivalve, extenor 
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often granulose, ligament often with ossicle, hinge toothless or 

with lamellae. Jurassic . Genera: Armtina, Plectomya 

(Secondary), PcTijolovtcLy CochlodcsTttctf Ph/r(icx<Xy Pylcvxctj jUiciu, 


Asthenothaerxis. 

Fam. 8. GTa/mtnysiidae. — Shell equivalve, oval, ligament 
external, cardinal margin straight, toothless, pallial line complete. 

Palaeozoic . Principal genus, Grammysia, with many other 

genera of toothless hinge, but whose exact affinities are uncertain. 

Fam. 9. Praecardiidae — Shell thin, equivalve or not, radiately 
ribbed, margins dentated, subumbonal area as in Area, hinge 
toothless. Palaeozoic . Principal genus, Praecardium. 

Fam. 10. Pholadomyidae. — A fourth pallial orifice, siphons 
very long, united, foot small ; shell thin, equivalve, with radiating 
ribs, ligament external, hinge toothless, pallial' line sinuate. 

' Jurassic . Single genus, Pholadomya. 

Fam. 11. Clavagellidae. — Foot rudimentary, siphons long,' 
united, contained in a long calcareous tube , shell small, one or 
both valves soldered in the tube, tube with a centrally fissured 
disc at the anterior end, more or less frilled at the posterior 
end. Cretaceous . Genera : Clavagella, Brechites ( = Asper- 


Order V. Septibranchiata 

Mantle edges united at three points, branchiae replaced by a 
muscular septum extending from the anterior adductor to the 
point of separation of the siphons, septum with symmetrical 

orifices. 

Fam. 1. Poromyidae. — Branchial septum with groups of 
lamellae between the orifices, labial palps large, foot long and 
narrow, siphons short, papillose, separated, animal hermaphrodite ; 
shell small, slightly inequivalve, rounded or oblong, nacreous 
within. Eocene . Genera : Poromya, Silenia. 

Fam. 2. Cuspidariidae. — Siphons long, united in part, foot short, 
animal dioecious ; shell small, slightly inequivalve, rostrate, not 
nacreous, each valve with ligamentary cartilage spoon-shaped, with 
a calcareous ossicle, cardinal and lateral teeth present or absent. 
Jurassic Single genus, Cuspidaria, with many sections. 
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Introduction 

The group Brachiopoda owes its chief interest to the immense 
variety and great antiquity of its fossil forms. Whereas at the 
present time the number of extant species amounts to but about 
120, Davidson in his admirable monograph^ on the British 
Fossil Brachiopoda has enumerated close upon 1000 fossil species, 
found within the limits of the United Kingdom alone. 

The amount of interest that the group in question has 
excited amongst naturalists is evinced by the invaluable Biblio- 
graphy of Brachiopoda, prepared by the same author and his 
friend W. H. Dalton.^ This monument of patient research con- 
tains over 160 quarto pages, each with the titles of from 
eighteen to twenty separate papers dealing with Brachiopods, 
published between the years 1606 and 1885. 

Probably the first reference to Brachiopods in zoological 
literature is to be found in a work entitled Aquatilium et 
Terrestrium aliquot Animalium, published in the year 1606 by 
Prince Fabio Colonna at Eome. This work contains the first 
description of a Brachiopod imder the name of Concha diphya. 
In a second edition, which is not so rare in our libraries as the 

^ “ A Monograph of the British Fossil Brachiopoda,** PaJaeoiitographical Society^ 
London, vols. L-v. 1851-84. 

* Ibid, vol. vi. 1886. 



464 


RECENT BRACHIOPODA 


CHAP. 


Tn ^ mentions three more species of Brachiopods. 

in century, Martin Lister of Oxford 

his Historxa sive Synopsis methodica Conchyliorum, which 

apeared in parts, described and figured a considerable number 
of Brachiopods, which, under the name of Anomia, were until 
the present century regarded as Molluscs, and placed in the sub- 
division Pelecypoda (Lamellibranchiata). 

The first sahsfactory figure and description of a Terehratula 
were published in the year 1766, in Pallas’ Miscellanea Zoologica, 
still under the name Anomia. In 1781 O. F. Muller figured a 

Crama under the name I^alella anomala, the generic name being 
subsequently altered by Cuvier into Orbicula. 

Brugui^re in the year 1789 was the first to recognise the 
relationship between Lingula and the other Brachiopods. He 
for the first time saw the stalk of this genus, and compared it 
with that of the stalked Barnacles, a class of animals which has 
been more than once associated with our group. 

Cuvier, in his Mimoire sur VAnatomie de la Lingule, 1797, 

gave the first account of the internal anatomy of a Brac'hiopod' 

The same naturalist first described the nephridia, although his 

mistake in considering them lateral hearts was not rectified imtU 

the middle of the present century, when Huxley pointed out that 

these structures serve as excretory ducts for the genital producta 

Dum^ril in 1807 proposed the somewhat unfortunate name 

of Brachiopoda; and although efforts have been made by 

de Blainville, who suggested Palliobranchiata, and more recently 

y Haeckel, who proposed Spirobranchiata, to arrive at a name 

which would be both grammatically and physiologically more 

correct, the older name has maintained its position, and is now 
universally in use. 


In 1834 and 1835 Professor Owen published the results of 
his researches into the anatomy of the Brachiopoda. He investi- 
gated in these years the structure of Waldheimia flavescens, of a 
species of Lingula and of a Discina, called by him Orhicula. He 
regarded the group as midway between the Pelecypoda and the 
Ascidians. The structure, of Lingula was further investigated 
by Carl Vogt, who in 1851 also supported the view that the 
Brachiopoda were related to the Mollusca. But already in 1847 
and 1848 Steenstrup had thrown doubts upon this relationship, 
and had maintained that the Order was more closely related 
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to certain members of the Chaetopoda, a view which afterwards 
found its ablest supporter in the American naturalist Morse. 

D*Orbigny seems to have been the first observer who drew 
attention to the resemblances alleged to exist between the 
Brachiopoda and the Polyzoa, and Hancock, in his masterly 
works On the Anatomy of the Fresh-water Bryozoa {PolyzocC) and 
in his Organisation of the Brachiopoda, dwelt on these resem- 
blances, and placed the Brachiopoda between the Polyzoa on the 
one hand and the Ascidians on the other ; a collocation which 
subsequently resulted in their inclusion in the now discarded 
group of Molluscoidea. 

In 1854 Huxley^ published what is, with the possible 
exception of Hancock’s monograph, mentioned above, the most 
important work upon the anatomy of the Brachiopoda with 
which we are acquainted. He corrected numerous errors of his 
predecessors and added many new facts to our knowledge of 
the group. He was the first to describe the true nature of the 
lateral hearts of Cuvier, and to describe the true heart, afterwards 
so carefully figured by Hancock. 

A further step was made in 1860 and 1861 by the discovery 
and description of the larvae of Brachiopoda, by F. Muller and 
Lacaze-Duthiers. Since that time we owe what little advance 
has been made in the embryology of the group to the researches 
of Morse and of Kowalevsky. 

Modern methods of research — section cutting, etc. — were 
first applied to the group by the Dutch naturalist, van 
Bemmelen,^ from whose admirable historical account of our know- 
ledge of the group many of the above facts have been gathered. 
These methods have thrown considerable light upon the histology 
of the group, but have not added very much to our knowledge of 
the structure or the affinities of the Brachiopoda. The modern 
views as to the latter point may be best discussed after some 
account of the anatomy of the various genera has been given. 

The SheU 

The body of a Brachiopod is enclosed within a bivalve shell, 
but the two halves are not, as they are in the Pelecypoda, 

^ “ Contributions to the Anatomy of the Brachiopoda,” Proc. Poy, S'oe., voL vii. 

2 “Untersuchungen iiber den anatomischen u. histologischen Bau der Brachio 
poda Testicardinia,” Jenaische ZeUschrift, vol. xvi., 1883. 

VOL. Ill 2 H 
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one on each side of the body, but occupy a different position 
with regard to the main axes of the body. What this position 
is, has formed the subject of a good deal of discussion. For our 
purpose, however, it will suffice to distinguish the two valves by 
the most commonly accepted terms of dorsal and ventral. The 
former is, as a rule, the smaller of the two, and usually lies 
on the lower surface of tlie animal in life. Adopting the orienta- 
tion indicated above, the stalk by means of which the Brachio- 
poda are attached to the rocks and stones, etc., upon which 
they live, becomes posterior, and the broader edge of the two 
sliells, which are capable of being opened to some extent, is 
anterior. 

The posterior end of the shell usually narrows, and the 
ventral valve projects behind the dorsal, and may be produced 
into a sort of beak or fimnel, through the aperture of which the 

Fia. 312. — Four specimens of 
Terebratulina caput serpen^ 
tiSf attached to a water- 
logged piece of wood, from 
the Clyde area. 


stalk protrudes. This aperture may be completed by the ventral 
shell, or the latter may only be notched, in which case the hole 
is completed by the posterior edge of the dors^il shell. 

The nature of tlie sliell has been used in classifying tlie 
group into two orders : — 

I. The Ecardines, whose shell is chitinous but slightly 

strengtliened by a deposit of calcareous salts. There 
is no hinge and no internal supports for the arms. 
The alimentary canal terminates in an anus. 

II. The Testicardines, whose shells are composed of calcareous 

spicules. The valves are hinged together, and there 
is usually an internal skeleton supporting tlie arma 
There is no anus. 

The outside of the shell of recent Brachiopods is often smooth, 
but many are ridged. In a recent species, Rhyrudionelld Doder- 
leini from Japan, Davidson ' has described a number of spines 

' a living Spinose Khynchontlla from Japan,” Ann, Mag. Nat, Uist.t 5th 

aer. vol. xvii. 1886. 
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arranged in concentric circles on the ribbed shell. They are not 
so long as the spines irregularly scattered on the sliell of llh. 
spinosa from tlie Jurassic formations. Some shells are brightly 
coloured, as, for instance, tli^ various species of Cistella which 
live on the coralline rock in the Mediterranean ; these exhibit 
bands or rays of alternate orange and bright pink. On the 
other liand, the shells of Terehratula mtrea are of a slightly trans- 
lucent white, and of the utmost delicacy. They are very large, 
so that the cavity wdthin tlie valves is of much greater size than 
the body of the animal, but in other genera the soft parts are 
packed very closely, and there is but a very small mantle-cavity 
or space within the shell unoccupied by the body of the animal. 
It is, however, more common for the shells of Brachiopods to be 
of a dull yellowish colour, and to be somewhat massive. Most 
species are attached by a pedicle or 
stalk to some rock or stone at the 
bottom of the sea, but in some, as in 
Crania, the ventral valve becomes 
closely adlierent to its support, so 
much so that it is difficult, or impos- 
sible, to remove the animal without 
leaving the ventral valve behind. 

Lingula, like Crania, one of the 
Ecardines, lives in sand (Eig. 321. Three specimens of Oa- 

^ ' nia anomala on a stone dredsred 

p. 483), and does not use its long 
pedicle to adhere to any fixed object. 

The outline of tlie shell varies extremely. It may be almost 
round or prolonged along either axis ; the edges of the valves 
may be smooth or fluted in correspondence with the ridges and 
grooves of the outside of the shell. 

On the inner surface of the shell of the Testicardinate Brachio- 
poda, at the hinder end of tlie ventral valve, are two lateral 
teeth, wliich fit into corresponding sockets in the dorsal valve. 
These form a hinge, which in many cases is so arranged as to 
permit the shell to he opened to only a very limited extent. 
There are also certain plate-like processes which project into the 
lumen of the shell, and help to support various portions of 
the hody ; and in Terehratula, Waldheimia, etc., these form a 
complicated band-like loop, which increases in complexity with 
advancing age, and serves to support the arms. In the extinct 







in Loch Fyne. The topmost 
specimen is seen in profile. 
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Spirifera the internal skeleton talces the form of two spirally 
coiled lamellae, which almost entirely fill the cavity of the shell ; 
the apices of the spirals point outwards (Fig. 330). The innar 
surface of the shell also hears the marks of the insertion of the 
numerous muscles which govern its movements. 

Microscopic examination of thin sections of the shell shows 
that it consists of small prisms or spicules of calcareous sub- 
stance, whose long axis lies, roughly speaking, at right angles to 
the surface of the shell. These spicules are held together by 
an organic matrix, in which, however, no cellular elements can 
be detected. In sections made through a decalcified shell the 
position of the spicules which have been dissolved by the acid is 
indicated by spaces, and the matrix remains as a network of fibrils, 
which end on the outside in a thin cuticular layer of organic 
matter. In Lingula and Discina the organic matter takes a 
much larger share in the formation of the shell, which in these 
genera consists of a number of alternating layers of horny and 
calcareous matter. The former is described by Gratiolet as 
fibrillated, the fibrils being obliquely placed, whilst the latter 
consists of a number of small prisms set at right angles to the 
surface of the shell 

In many genera, as in TerebratvXay Terehratella, Cistella, 
Waldheimia, Crania, etc., the shell is pierced by a number of 
small canals (Fig. 314), which in the dried specimens form so 
many open pores, but in the living animal contain prolongations 
of the mantle or body wall which secretes the shell. They con- 
tain extensions of the layer of epithelial cells which lines and 
secretes the shell. The canals come to the surface and at 
their outer end are often slightly swollen. They are closed by 
the cuticular layer which is mentioned above as covering the shell 
externally. They are not found in the loops or other internal 
processes of the shell. In Crania the canals depart to some 
extent from the usual type ; instead of running a straight course 
to a somewhat swollen outer end, they break up into a number 
of very fine branching tubules, which form a very minute mesh- 
work near the surface of the shelL These fine branches con- 
tain protoplasmic fibrils, which have their origin in the epithelial 
cells which lie in the tubules. 

By carefully counting the number of tubules in a given area 
of young and old specimens of Waldheimia cranium, van Bern- 
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melen * was able to show that the spaces between the tubules 
did not increase with age. He therefore reasoned that the shells 
of Brachiopoda do not increase by intussusception, and that their 
increase in size must be entirely due to additions made round 
their free edge. 

The function of the tubules has been a matter of some dis- 
cussion. They have been regarded as respiratory organs, but it 
would seem more reasonable to suppose that they serve as organs 
to supply nourishment, etc., to the organic matrix of the shell.^ 

With the exception of the genus Crania, it is usual for 
Brachiopods to bear round the edge of their mantle rows or bimdles 
of chitinous setae or bristles (Figs. 315 and 319). The length and 
arrangement of these structures vary in the different species ; they 
are secreted from little pits in the edge of the mantle. It seems 
probable that they serve to some extent as organs of defence, 
especially in the larva, where they make their appearance at an 
early stage ; possibly they also serve as a filter, and prevent the 
entrance of foreign bodies into the shell. Their presence has 
been taken to indicate a certain degree of affinity between Brachio- 
pods and Chaetopods, since setae are very characteristic of the 
last-named group. 


The Body 

The shell of a Brachiopod is secreted partly by the general 
surface of the body which is situated at the hinder end of the 
shell, and partly by the two leaf-like extensions of the body,'--' 
which are termed the dorsal and ventral mantles. These are, in 
fact, folds of the body wall, and into them the body cavity and 
certain of its contents, such as the liver and generative glands, 
etc., extend. The space between the two folds of the mantle, 
which is limited behind by the anterior wall of the body, is 
termed the pallial or mantle cavity. On each side of the middle 
line the anterior wall of the body is produced into two “ arms ” 
which occupy as a rule a considerable part of the mantle cavity. 
These arms may be but flattened portions of the general body 

wall, which occupies a large part of what in other genera is the 

^ • 

* Loc, cit, p. 465. 

^ Shipley, “ On the Structure and Development of Argiope,” MiU, aus d Zool 
SUU, 2 U Neap, Bd. iv. 1883. 
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mantle of tlie dorsal valve, as in Cistella and Argiopc ; ^ or they 
may be outgrowths of the body wall in the form of long processes, 
which are coiled and twisted in a very characteristic manner in 
the various genera. In any case the cross section of the arm 
shows a groove, one side of which forms a continuous lip, and 
the other takes the form of a single row of tentacles, which are 



Fig. 314. — View of tJic left Iialf of Cistella 
{Argiope) neapolitana, which has been cut 
ill two by a median longitudinal incision, to 
.show the disposition of the orgiins. Partly 
diagrannnatic. The inorganic part of the 
sliell only is shown. The tubular exten- 
sions of the mantle and the organic outer 
layer are not indicated, and hence the jiores 
appear open. 

1. Tlie ventral valve. 

2. The dorsal valve. 

3. The stalk. 

4. The mouth. 

5. Lip which overhangs the mouth and 
runs all round the tentacular arms. 

6. Tentacles. 

7. Ovary in dorsal valve. 

8. Liver diverticula. 

9. Occlusor muscle ; its double origin is 
shown. 

10. Internal opening of left nephridiuin. 

11. External oj)ening of left nephridium. 

12. Ventral adjustor. The line from 10 
crosvses the dorsal adjustor. 

13. Divaricator muscle. 


richly ciliated and capable of considerable movement. Tlie wliole 
arm in llhyiichonella can be protruded from the shell, as was 
noted years ago by O. F. Miiller, and although his statement to 
this effect has often been doubted, its truth was confirmed by 
Professor Morse,^ who writes : In the year 1872, while studying 
living Rhynchonella in the St. Lawrence, I observed a specimen 

' Schulgin, ** Argiope Kowalevskii,’* Zeit. f, loiss. Zool, Bd. 41, 1885. 

^ American Jour, of Sci. and Arts^ 3rd series, vol. xvii. 1879. 
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protrude its arms to a distance of 4 c.m. beyond the anterior 
borders of the shell, a distance nearly equalling twice the length 
of the shell/’ The same observer also mentions that Lingula 
has the power of partially protruding its arms. In most genera 
the cirrhi or tentacles can alone be protruded. 

The cilia which clothe the tentacles keep up a constant flow* 
of water into the mantle cavity. This stream not only serves 
to aerate the blood of the animals — a process which probably 
takes place through the thin inner lining of the mantle — but it 
also brings with it a number of diatoms and other minute 
organisms which serve as food. These particles become entangled 
in the tentacles, and are ultimately lodged in the groove at their 
base, and passing along this by the action of the cilia they find 
their way into the wide mouth, into which the groove deepens in 
the posterior median line. 

The Digestive System 

The mouth leads into an oesophagus ; this widens into a 
chamber which may be termed the stomach (Fig. 314), and w^hich 
receives the openings of two large branching glands usually 
known as the liver. The stomach passes into a short intestine 
which is usually bent at about a right angle with the oesophagus. 
In the Testicardines the intestine ends blindly, but in the 
Ecardines it is of much greater length, and terminates in an 
anus, situated posteriorly in the median line in Crania, but 
asymmetrical and to the right of the body in Lingula (Fig. 315) 
and Discina ; in both cases, however, the opening is into a 
portion of the mantle cavity. The alimentary canal is supported 
by a median dorsal and ventral mesentery, and by two pairs of 
lateral mesenteries which pass to the body wall. The lateral 
mesenteries are not always quite distinct. When they are, the 
anterior pair are known as the gastro-parietal bands, and the 
posterior as the ileo-parietal. In Rhynclionella there are two 
pairs of renal organs, and each of these mesenteries bears the 
internal openings of one pair. In all other Brachiopods there is 
only one pair, and they are supported by the ileo-parietal bands. 

The alimentary canal is ciliated throughout, and . some inter- 
esting observations have been made by Schulgin ^ on the shorten- 

^ Loc, cU. p. 470. 
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ing of these cilia in Argiope {Cistella) when the animal is well 
fed, and their elongation when the animal is hungry. Amongst 
the ciliated cells certain glandular cells have been described. The 
so-called liver consists of two more or less branching glands, 
which open by wide apertures, one on each side of the stomach. 
It seems probable that a good deal of digestion is carried on in 
these glands, since the diatoms and other minute organisms 
upon which the Brachiopoda live are usually found in the 
branches of these glands, and the glandular cells lining the 
tubules vary much in appearance according to the animaTs state 
of nutrition. 


The Body Cavity 

The alimentary canal and liver occupy a considerable portion 

of the body cavity or general space of 
the body ; this space is to some extent 
cut up by the various mesenteries 
above mentioned. It also lodges the 
reproductive organs and the excretory 
ducts. Its walls are ciliated, and the 
action of the cilia keeps in motion 
the corpusculated fluid that bathes the 
various organs in the body cavity. The 
mantles, which are nothing but flat- 
tened leaf-like extensions of the body 
wall lining the shell, also contain 
diverticula of the body cavity, which 
may be simple flattened spaces or may 
be broken up into definite channels, as 
in Lingula (Fig. 315). It seems not 
improbable that the body cavity fluid 
is aerated through the thin inner layer 
o-,.- of the mantle. 

Fio. 315. — View of the inner side t> • i v x* -l 

of a valve of Lingitict cLtiati- xCunning along the base Oi each arm 

/«ra (after Fran 9 ois), to show ganals, a Small One at the base 

the definite arrangement x 

the channels in the mantle : a, m the tentacles, which we may term 

position of month ; b, posi- ^j^g tentacular canal, and a larger 
tion of anus. _ , « i i • mi 

one, the canal of the lip. I he 

former sends a prolongation into each tentacle. The latter is, 
according to Blochmann, a closed canal in Cranidy Lingiday Rhyn- 



XVII 


THE HEART 


473 


choTullay and others; but according to Joubin,’ it communicates 
in Crania at one point with the tentacular-canaL It is probably 
originally a part of the body cavity. Blochmann - states in very 
definite terms that in Crania neither the large canal nor the 
small canal communicates with the general body cavity, but he 
admits that in Lingula the small canal opens into that space. 

The Circulatory System 

The details of the discovery of the central circulatory organ 
of Brachiopods form a curious and instructive chapter in the 
history of modern morphological inquiry. Hancock, in his 
monograph on the group, described and figured on the 
dorsal surface of the alimentary canal a well - developed heart, 
which had been previously noticed by Huxley, who first showed 
that the organs which up to his time had been regarded as 
hearts were in reality excretory organs. In connexion with this 
heart Hancock described numerous arteries, distributed to various 
parts of the body. The observers who have written upon the 
anatomy of Brachiopods since Hancock’s time, in spite of the 
fact that they had at their disposal such refined methods of 
research as section cutting, which was qmte unknown at the 
time his monograph was widtten, have almost all failed to find 
this circulatory system, and many of them have been tempted 
to deny its existence. Blochmann,^ however, in the year 1885 
stated that he had found the heart, and had seen it pulsating in 
several species of Brachiopoda which he had rapidly opened 
whilst alive. Joubin has also described it in large specimens 
of Waldheimia venosa, and recently Blochmann has published a 
detailed account of his work on this subject. Both these authors 
describe the heart as a vesicle with muscular walls, situated 
dorsal to the alimentary canal. From this, according to Bloch- 
mann, a vessel — the branchio-visceral of Hancock — runs forward 
as a triangular split in the dorsal mesentery supporting the 
alimentary canal This vessel divides into two at the oeso- 
phagus, and passing through some lacunae in the walls of this 

^ “Recherches sur I’Anat. des Brachiopodes Inarticiiies, ” Arch. Zool. Exp. (2) 
Tome iv., 1886. * 

^ UrUersuchurigen ilher den Ban der Brachiopodeny Jena, 1892. 

* “ Vorlaufige Mittheilungen iiber Brachiopoden,’' Zool. Anz. Bd. viii. 1885. 
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tube, opens into the tentacular canal, and consecjuently supplies 
the tentacles with blood. These two canals, which diverge 
from the median artery, are connected ventrally by a vessel which 
runs below the oesophagus ; the latter is therefore surrounded 
by a vascular ring. Blochmann also describes two pairs of 
vessels that were seen and figured by Hancock. A pair of 
these pass over the gastro - parietal mesenteries and into the 
dorsal mantle sinus, the second pair pass over the ileo-parietal 
mesenteries and into the ventral mantle sinus ; each of these four 
arteries runs to one of the four generative glands, which, as is so 
usually the case in the animal kingdom, have thus a specially 
rich blood supply. If this description should prove to be correct, 
the vascular system of Brachiopods shows a striking resemblance 
to that of the closed vascular system of the unarmed Gephyrea, 
except that the former group has specialised genital vessels. 
The blood is colourless. 

Joubin’s description of the vascular system of W, venosa differs 
in some respects from that of Blochmann. He regards the heart 
as collecting the lymph which it receives from numerous lacunar 
spaces in the walls of the alimentary canal, and distributing it 
through various vessels, which in the main correspond with those of 
Blochmann, and which run both to the arms ” and to the genera- 
tive glands. The latter vessels, however, open freely into the 
body cavity, and the fluid which is forced out from their openings 
freely bathes the organs found in the body cavity. Whichever 
of these accounts should prove to be more closely in accordance 
with the facts, there is little doubt that in addition to the true 
blood there is a corpusculated fluid in the body cavity which is 
to some extent kept in motion by the ciliated cells that line its 
walls. 


The Excretory Organs 

The excretory organs (kidneys) which were at one time 
regarded by Cuvier and Owen as heai’ts, are typical nephridia — 
that is to say, they are tubes with glandular excretory walls 
which open at one end by a wide but flattened funnel-shaped 
opening into the body cavity, and at the other end by a circular 
pore to the exterior (Fig. 314). In Ithi/nchonella, where 
there are two pairs of these tubes, — the only evidence that the 
group presents of any metameric repetition of parts, — the inner 
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ends of the anterior pair are supported by the gastro-parietal 
mesenteries, and those of the posterior pair by the ileo-parietal 
mesenteries. In all other Brachiopods the posterior pair alone 
exists. The external opening of these nephridia is near the 
base of the anus ; in Cistella it is at the bottom of a brood-pouch 
formed by the tucking in of the body wall in this neighbour- 
hood, and in this brood-pouch the eggs develop until the larval 

stage is reached. 

The walls of these nephridia are lined by ciliated cells, 
amongst which are some excretory cells, in which numerous 
brown and yellow concretions are to be seen ; these are probably 
the nitrogenous excreta of the animal, and pass out of the body, 
being washed away by the stream of water which is constantly 
passing between the shells. 

As in so many other animals, the nephridia act as genital 
ducts, and through them the ova and spermatozoa, which break 
off from the genital glands and fall into the body cavity, find 
their way to the outer world. 


The Stalk and Muscles 

The body cavity of a Brachiopod is traversed by several pairs 
of muscles, which are very constant in position, and whose con- 
traction serves to open and close the shell, to move the animal 
upon its stalk, and to govern the movements of the arms. 

The stalk is absent in Crania, and the members of this 
genus are attached to the rocks on which they are found by the 
whole surface of their ventral valve. In Lingula (Fig. 315) 
the stalk is long and hollow, containing what is probably a 
portion of the body cavity, surrounded by muscular walls. 
Lingula is not a fixed form, but lives half-buried in the sand 
of the sea-shore (Fig. 321). Discina, the other member of 
the Ecardines, has a peduncle which pierces the ventral valve 
and fixes the animal to its support. Amongst the Testicardines, 
Thecidium is also fixed to its supports by the surface of its 
ven tral va lve ; the other genera, however, are provided with 
stalks, which, being the means of the fixation of the animals, 
become at the same time the fixed points upon which their 
very limited movements can be effected. The stalk protrudes 
through the notch or aperture at the posterior end of the ventral 
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valve, and it probably belongs to the ventral side of the body. 
It is in Cistella, and doubtless in other genera, in close organic 
connexion with both valves, and it seems to consist of an un- 
usually large development of the supporting tissue which occurs 
so frequently in the body of Brachiopods. The surface of the 
peduncle is produced into several irregularities and projections 

which fit into any depressions of the rock upon which the 
animal is fixed. 


In Cistella there are four pairs of muscles, two connected 
with opening and closing the shell, and two with the movement 
of the body upon the stalk (Fig. 314). The most considerable 
of these muscles are the two occlusors, which have their origin, 
one on each side of the middle line of the dorsal valve, and their 
insertion by means of a tendon into the ventral valve. In the 
species in question each of these muscles arises by a double 
head, the two muscles thus formed probably representing the 
anterior and posterior occlusors of other forms. The contraction 
of these muscles imdoubtedly serves to close the shell, which 
is opened by a small pair of divaricators arising from the 
ventral valve, and inserted into a portion of the dorsal shell 
which is posterior to the axis of the hinge. Contraction of 
these muscles would thus serve to approximate the posterior 
edges of the valves and divaricate the anterior edges and thus to 
open the shell. 

The adjustors are four in number, a ventral pair rimning 
from the ventral valve to be inserted into the stalk, and a corre- 
sponding dorsal pair from the dorsal valve. The simultaneous 
contraction of either pair would tend to raise the valve, whilst 
the alternate contraction of the muscles of each side would tend 
to rotate the shell upon the peduncle. The muscles of Wald- 
heimia flavescens are shown in Fig. 329, and described briefly 
on p. 502 

The muscles of the Ecardines differ from those of the Testi- 
cardines inasmuch as they do not terminate in a tendon, 
but the muscle fibres nm straight from shell to shell. They 
are also more numeroua In Crania there is an anterior and 
a posterior pair of occlusor muscles, and two pairs of oblique 
muscles, which seem when they contract together to move the 
dorsal shell forwards, or when they contract alternately to 
slightly rotate it. In this genus there are also a pair of pro- 
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tractors and a pair of retractors, and two levators of the arms, whose 
fimction is to draw forward or retract tlie arms, and an impaired 
median or levator ani muscle. In addition to these bundles of 
muscles there are certain muscles in the body wall, and it seems 
probable that by their contraction, when the adductors are 
relaxed, tlie body may become somewhat thicker and the valves 
of the shells will slightly open. 

In Lingula (Fig. 322) the muscular system is more com- 



Fio. 316. — A semi - diagrammatic 
figure of the muscular system of 
Crania (after Blochmann) : a, 
anterior occlusor ; 6, posterior 
occlusor ; c, superior oblique ; 
rf, inferior oblique ; retractor 
of the arms ; elevator of the 
arms ; protractor of the arms ; 
h, unpaired median muscle. The 
dorsal valve is upj>ermost. 


plicated , in addition to the anterior ( = anterior laterals) and 
posterior ( = centrals) pairs of occlusors, there is a single divari- 
cator ( = umbonal), whose contractions in conjunction with those 
of certain muscles in the body wall press forward the fluid in the 
body cavity, and thus force the valves of the shell apart ; and 
there are three pairs of adjustor muscles. These latter are 
called respectively the central ( = middle laterals), external 
( =’external laterals), and posterior ( = transmedians) adjustors, 
whose action adjusts the shells when all contract together, and 
brings about a certain sliding movement of the shells on one 
another when they act independently of each other.^ 


* Hancock’s nomenclature is here used. The corresponding names used by King 

and Brooks are placed in brackets. Their nomenclature is used by many palaeon- 
tologists, and is adopted in Fig. 322. 
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The Nervous System 

The nervous system of Brachiopods is not very cleai*ly 
understood, and there are considerable discrepancies in the 
accounts of the various investigators, even when they are 
dealing with the same species. So much, however, seems certain, 
that there is a nervous ring surrounding the oesophagus, that 
this ring is enlarged dorsally, or, in other words, near the base 
of the lip, into a small and inconspicuous dorsal ganglion, and 
again ventrally or just behind the base of the tentacles into a 
ventral or sub-oesophageal ganglion. The latter is, contrary to 
what is usual in Invertebrates, of much larger size than the 
supra-oesophageal ganglion, but like the last named, it has retained 
its primitive connexion with the ectoderm or outermost layer 
of the skin. Both ganglia give off a nerve on each side which 
runs to the arms and along the base of the tentacles and lips. 
The sub-oesophageal ganglion also gives off nerves which supply 
the dorsal and ventral folds of the mantle, the muscles, and 
other parts. 

The modified epithelium in connexion with the ganglia may 
possibly have some olfactory or tactile function, but beyond this 
the Brachiopoda would appear to be devoid of eyes, ears, or any 
other kind of sense organs, — a condition of things doubtless 
correlated with their sessile habits, and with the presence of a 
bivalved shell which leaves no part of their body exposed. 

The Reproductive System 

The majority of Brachiopods are bisexual, and many autho- 
rities regard the separation of sex as characteristic of the group ; 
on the other hand. Lingula pyramidata is stated to be herma- 
phrodite, and it is not impossible that other species are in the 
same condition. 

The generative organs are of the typical sort, that is, they 
are formed from modified mesoblastic cells lining the body 
cavity. These cells are heaped up, usually in four places, and 
form the four ovaries or testes as the case may be (Fig. 314). 
The generative glands usually lie partly in the general body 
cavity and partly in the dorsal and ventral mantle folds, two on 
each side of the body. Along the axis of the heaped-up cells 
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runs a blood-vessel, which doubtless serves to nourish the gland, 
the outer surface of which is bathed in the perivisceral fluid. 
Every gradation can be found between the ripe generative cell 
and the ordinary cell lining the body cavity. When the ova 
and spermatozoa are ripe they fall off from the ovary and testis 
respectively into the body cavity, thence they are conveyed to 
the exterior through the nephridia. The ova in certain genera 
such as Argiope, Cistella, and Thecidium, develop in brood- 
pouches which are either lateral or median involutions of the 
body wall in the neighbourhood of the external opening of the 
nephridia ; they are probably fertilised there by spermatozoa 
carried from other individuals in the stream of water which 
flows into the shell. In other species the ova are thrown out 
into the open sea, and their chances of meeting with a sperma- 
tozoon is much increased by the gregarious habits of their 
sessile parents, for as a rule considerable numbers of a given 
species are found in the same locality. 

The Embryology 

We owe what little we know of the embryology of the group 
chiefly to Kowalevsky,^ Lacaze-Duthiers,^ and Morse.^ The 
Russian naturalist worked on Cistella {Argiope^ neapolitana, the 
French on Thecidium, and the American chiefly on Terelrratulina, 

Although this is not known with any certainty, it seems 
probable that the eggs of Brachiopods are fertilised after they 
have been laid, and not whilst in the body of the mother. The 
spermatozoa are doubtless cast out into the sea by the male, and 
carried to the female by the currents set up by the cilia clothing 
the tentacles. 

In Thecidium, Cistella, and Argiope the first stages of develop- 
ment, up to the completion of the larva, take place in brood-pouches; 
in Terehratulina the eggs pass out of the shell of the mother and 
hang in spermaceti-white clusters from her setae and on sur- 
rounding objects. In the course of a few hours they become 
ciliated and swim about freely. The brood-pouch in Thecidium 

^ Development of the Brachiopoda, 1873 (Russian). 

2 “Histoire de la Thdcidie,’* Ann, d, Sci, NcU,, Ser. 4, vol. xv. 1861. 

* “ On the Early Stages of Terehratulina septentrionalis,” Mem, Boston Soc, Nat, 
Hist, vol. ii. 1869. *‘On the Development of Terehratulina,** Ihid, vol. iii. 1873. 
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is median, in the convex lower shell, in Cistella it is paired, and 
arises by the pusliing in of the lateral walls of the body in the 
region jhist behind the horse-shoe-shaped tentacular arms; the 
renal ducts, which also serve as ovidticts, open into these lateral 


recesses. 


In the female Thccidium (big. 317) the two median tentacles 
which lie just behind the mouth are enlarged and their ends 
somewhat swollen; they are bent back into the brood-pouch, 
and to them the numerous larvae are attached by a short fila- 
ment inserted into the second of the four segments into which 
the larva is divided. In Cistella a similar filament attaches the 
larvae to the walls of the brood sac ; thus they are secured from 



Pia. 317. — Brood-pouch of Thecidium 
mediUrraneuvi, (After Lncazc- 
Duthiers. ) Part of the wall of the 
pouch has been removed to show 
the clusters of larvae. 

1. Mouth, overhung by lip. 

2. One of the two median ten- 
tacles which are enlarged and modi- 
fied to bear the larvae. 

3. Wall of brood - pouch into 
which the median tentacles are 
folded. 

4. Larva attached to the swollen 
end of the tentacles. 


being washed away by the currents constantly flowing through 
the mantle cavity of the mother. 

In Cistella the larva consists at first of two segments, but 
the anterior one divides into two, so that in the free swimming 
larva we find three segments, the hindermost somewhat longer 
and narrower than the others and destined to form the stalk. 
About the time of the appearance of the second segment four 
red eye-spots arise in the anterior segment, which tends to be- 
come constricted off from the others, and may now be termed the 
head. It gradually becomes somewhat umbrella-shaped, develops 
cilia all over its surface and a special ring of large cilia romid 
its edge. 

In the meantime the second or mantle segment has grown 
down and enveloped the stalk, and four bundles of setae have 
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arisen from its edge. In tliis stage the larva leaves its mother's 
shell and swims out into the world of water to look for a suit- 
able place on which to settle down. This is the only stage in the 
life history of a Brachiopod when the animal is locomotor, and can 
serve to spread its species. The extreme minuteness of the larva 
and the short time it spends in this motile condition probably 
accounts for the fact that Brachiopods are extremely localised. 
Where they do occur they are found in great numbers, rocks 
being often almost covered with them, but they are not found over 
large areas. When viewed under a microscope the larvae seem 



Fiq. 318. — Young larva of 
Cistella ncapoliUnuif 
showing three seg- 
ments, two eye spots, 
and two bundles of 
setae. (After Kowa- 
levsky. ) 


Fig. 319. — Full-grown larva of C'w- 
tella nmpolitanay with umbrella- 
shaped head, ciliated. (After 
Kowalevsky. ) 


to be inoyiiig with sJirprisiug rupidity, but judging from the 

analogy of other forms, it seems doubtfiU if they swim a yard in 
an hoiu*. 

I^requently tlie larva stands on its head for some time, as if 
mvestigating the nature of the rocks on which it may settle ; it 
is extremely contractile, turning its head from time to time, 
and seldom retaining the same outline for any length of time j the 
setae are protruded, and at times stick out in every direction ; 
they are possibly defensive in function. When fully stretched 
out the larva is about J mm. long, but it frequently shortens its 

VOL. Ill „ . 
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body to two- thirds of this length. The larvae are of a pinkish 
red colour, with eye-spots of ruby red. Their colour renders 
them difficult to discern when they are swimming over the red 
coralline rocks upon which they frequently settle. After swim- 
ming about for a few hoiu^ the larva fixes itself finally, 
apparently adhering by some secretion produced by the stalk 
segment. The folds of the second or body segment then turn 
forward over the head, and now form the ventral and dorsal 
mantle folds ; these at once begin to secrete the shell on their 



Fia. 320. —Stages in tl\e development of tlie larva of Terebratulina septentrionalis. ( After 
Morse. ) The youngest larva has two segments, a thinl then appears, the larva 
then fixes itself, and the second segment folds over the first and develoi>s bristles 

round its edge. 


outer surfaces. The head with its eye-spots must Ih) to some 
extent absorl)ed, hut what goes on witliin the inantle is not 
accurately known. The setae drop off and the tentacular arms 
begin to appear as a thickening on the dorsal lobe of the mantle. 
They are at first circular in outline. The various changes which 
the larva passes through are well illustrated by Morse for Tere- 
hratulina, which spawns at Eastport, Me., from April till August. 
The different stages are represented in outline in Fig. 320, taken 

from his paper. 

9 

% 

BaljiCs 


There is little to Imj said almut the habits and natural lustoiy 
of the Brachiopoda. When once the larva has settleil down the 
animal never moves from, the spot selected ; occasiona y 1 1 y 

rotate slightly from side to side on its stalk, and rom 
time it opens its shell. . As so frequently is the case 

the larva disappear, and the only communication which the 
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animal has with the world around it ivS 
by means of the currents set up by the 
cilia on the tentacles. 

In spite of the absence of any definite 
eyes, Thecidium, according to Lficaze- 
Duthiers, is sensitive to light ; he noticed 
for instance that, when his shadow fell 
across a number of these animals he was 
watching in a vessel, their shells, which 
had been previously gaping, shut up at 
once. 

In Cistella the tentacles can be pro- 
truded from the open shell, and in Ehyn- 
chonella the spirally-coiled arms can be 
unrolled and extruded from the shell, but 
this does not seem to have been observed 
in other genera, with the possible ex- 
ception of Lingula. The food of these 
animals consists of minute fragments 
of animal and vegetable matter, a very 
large proportion of it being diatoms and 
other small algae. 

Lingula differs markedly from the 
other members of the group, inasmuch 
as it is not firmly fixed to a rock or 
some such body by a stalk or by one of 
its valves, but lives in a tube in the 
sand. Some recent observations of 
Mons. P. Franqois ^ on living specimens 
of Lingula anatifera which he found 
living in great numbers on the sea- 
shore at Noumea in New Caledojiia 
may be mentioned. The presence of 
the animal is shown by a number of 
elongated trilobed orifices which lead 
into the tube in which the Lingula lives. 
The animals, like most other Brachi- 
opods, live well in captivity, and he waa 
able to watch their habits in the aquaria 




Fig. 321. — Figures illustrating 
the tubes in which Lingula 
analifera lives. The upper 
figure is a view of the tri- 
lobed opening of the tube. 
The lower figure shows the 
tube in the sand laid open 
and the animal exposed. 
The dotted line indicates 
the position of the body 
when retracted. The darker 
portion is the tube of sand 
agglutinated by the secre- 
tion of the stalk. (After 
Fran9ois.) 


* “Choses de Noumea,** Arch, d, Zool. exp. et gen. 2nd ser. vol. ix. 1891. 
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of his laboratory. . The Lingula place themselves vertically ; the 
anterior end of the body just reaches the level of the sand ; the 
three lobes into which the orifice of the tube is divided corre- 
sponding with the tliree brushes of setae which project from the 
anterior rim of the mantles. These setae are described by Morse 
as projecting in the form of three funnels ; currents of water are 
seen continually passing in at the side orifices and out through 
the central. The tube consists of two portions : an upper part, 
which is flattened to correspond with the flat shape of the body, 
and a lower part, in which the stalk lies. The upper part 
is lined with a layer of mucus, but the sand is not glued 
togetlier to form a definite tube. The lower part of the 
stalk, or the whole when the animal is contracted, is lodged 
in a definite tube composed of grains of sand agglutinated by 
mucus, probably secreted from the walls of the stalk. At the 
least sign of danger the stalk is contracted violently, and the 
body is withdrawn to the bottom of the upper portion of the 
tube. The rapid retreat of the animal is followed by the 
collapse of the sand at the mouth of the tube, and all trace of 
the presence of the Lingula is lost. 

The shells of this species are frequently rotated through a 
small angle upon one another, a movement which is prevented 
in the Testicardines by the hinge. In very young transparent 
specimens Francjois was able to observe the movements of the 
Huid in the system of tubules which penetrate the mantle ; these 
tubules are figured by him, and Fig. 315 is taken from Jiis 
illustration. 

Davidson, in his Monograph on the British lossil Brachi- 
opoda, states that the largest “ recent Brachiopod whicli has 
come under my notice is a specimen of WaldheiTtua venosa 
Solander, measuring 3 inches 2 lines in length, by 2 inches in 
breadth, and 1 inch 11 lines in depth.” It wiis found in the 
outer harbour of Fort William, Falkland Islands, in 1843. A 
specimen of Terehratula grandis from the Tertiary deposits, how- 
ever, exceeds this in all its dimensions. Its length wa.s 4^ 
inches, its breadth 3 inches 2 lines, and its depth 2 inches 2 

lines. 


Distribution in Space 

Brachiopods are very localised ; they live in but few places 
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but when they are found they usually occur in great iiuinbers. 
During the cruise of the Challenger, dredging was conducted at 
361 stations; at only 38 or 39 of these were Brachiopoda brought 
up. Mr. Cuming, quoted by Davidson, records that after a great 
storm in the year 1836, he collected as many as 20 bushels of 
Lingula anatifera on the sea-shore at Manilla, where, he relates, 
they are used as an article of food. It has been suggested above 
that their abundance in certain localities is due to their limited 
powers of locomotion, which are effective but for a few hours, 
the larva being, moreover, so minute that unless borne by a 
current it could not travel far from its parent. When once 
settled down it has little to fear from the attacks of other 
animals. The size of its shell relative to its body would 
deter most animals from regarding it as a desirable article of food, 
and as far as is known at present the Brachiopoda suffer but 
little from internal parasites, the only case I know being a 
minute parasitic Copepod belonging to a new and as yet unnamed 
genus which I found within the mantle cavity of Cistella (^Argiojpe^ 
neajgolitana in Naples. Their slight value as an article of diet 
has doubtless helped to preserve them through the long periods 
of geological time, through which they have existed apparently 
unchanged. 

Two of the recent genera of the family Lingulidae, Lingxda 
and Glottidia,diXQ usually found between tide-marks or in shallow 
water not exceeding 17 fathoms. Discina is also found about 
the low- tide level, but one species at any rate, Discinisca atlantica, 
lias been dredged, according to Davidson, at depths ranging from 
690 to nearly 2425 fathoms.'’ Their larvae frequently settle on 
the shells of their parents, and thus numbers of overlapping shells 
are found clustered together. Crania is usually dredged from 
moderate depths down to 808 fathoms, adhering to rocks, lumps 
of coral, stones, and shells. 

Of the Testicardines, Terehratula Wyvillei has probably been 
found at the greatest depth, i.e, 2900 fathoms, in the North 
Pacific. It is interesting to note that its shell is glassy and 
extremely thin. The Brachiopoda are, however, as a rule, 
found in shallower water ; they abound up to a depth of 5 0 0 or 
600 fathoms, after which they rapidly diminish with increasing 
depth. About one-half the named species occur at a depth of 
less tlian 100 fathoms. 
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The vertical range of depth of certain species is great ; Tere- 
hratula vitrea is recorded from 5 to 1456 fathoms, T. Wyvillei 
from 1035 to 2900 fathoms. This is to some extent explic- 
able since, after a certain depth has been reached, many of 
the external conditions, such as absence of temperature and 

light, must remain constant even to the greatest depths of the 
ocean. 

The area of the ocean explored by dredging forms such an 
infinitesimal fraction of the whole, that it seems superfluous to 
consider the horizontal distribution of Brachiopods. A few facts 
may, however, be mentioned. Certain species, as Terehratvla 
vitrea, 2\ caput serpentis, Waldheimia cranium, Megerlia trun- 
cata, and Discinisca atlantica have a very wide if not cosmo- 
politan distribution. The second of the above named extends as 
far north as Spitzbergen, and as far south as Kerguelen Island. 
Many species are, on the other hand, very localised, and have 
hitherto only been found in one place. A very considerable 
number of these have been dredged off* Japan and Korea, and 
this region may be to some extent regarded as the headquarters 
of the group. 

The following species have been obtained within the limits 
of the British Aiea, as defined by Canon Norman, who has been 
good enough to revise the list, which is founded on that drawn 
up by Davidson in his Challenger Eeport. Their range of bathy- 
metric distribution is given in the column on the left. 


Depth in 
Fathoms. 

0 to 1180. Tcrehratulina, cap'iU serpentis Lin. 

8 to 25. Terebratula (Owynia) capsula Jeff. 

6 to 690. Waldheimia cranium Muller . . 

75 to 725. Waldheimia septigera Loven . . 

20 to 600. TerehraJtella spUzbergenensis Dav. . 

18 to 364. Argiope decollcUa Chemnitz . . 

20 to 45. Cistella dstellula S. Wood . . . 

650 to 1750. Airetia giunnon Jeff. 


. Oban, and off Cumbrae Islands, 
Loch Tonidon, Scotland, off 
Belfast 

. Belfast Bay, E. and S. coast of 
Ireland, Plymouth, Weymouth, 
and Guernsey 

. North British seas. Off Shet- 
land 

. North British seas. Off Shet- 
land 

. N.N.W. of Unst, Shetland 

. Two miles east of Guernsey 

. Shetland, near Weymouth, S. 
coast of England 

. W. of Donegal Bay in 1443 
fatha. Between Ireland and 
liockall, in 1350 faths. 
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Depth in 
Fallioma. 

10 to 690. Gnielin . . Shetland and near Dogger Bank. 

This species is possibly fossil 
as welhas recent. 

3 to 808. Crania anomala Miiller Loch Fyne, North of Scotland 

690 to 2425. Discinisca atlantica King .... W. of Donegal Bay in 1366 fatha, 

W. of Ireland in 1240 faths., 
off Dingwall Bay 

Classification. 4 

The table of classification here appended is that suggested by 
Mr. Davidson in his Monograph on the Recent Brachiopoda. 

I. TESTICARDINES 

Family. 

A. Terebratulidae. This includes the majority of genera and of species, the 

latter, without counting uncertain species, amount- 
ing to sixty-eight. Examples : Tertbratula^ Tere- 
bratella^ Terebratulina, IValdheimia^ MegerlioL, 
Argiope, Cistella. 

B. THEcronDAZ. This family contains one genus, Thecidium^ with two 

species. 

C. Rhynchonellidae. This family is made up of eight species, six of which 

belong to the genus Rhynchonella^ and two to 
A tretia, 

II. ECARDINES 

D. Craniidae. This family comprises the four species of Crania. 

E. Discinidae. This family contains one species of Discina and six 

of Discinisca. 

F. Linqulidae. This family consists of eight species of Lingula and 

three of Glottidia. 

It is impossible to come to any satisfactory conclusion as to 
the position of the group Brachiopoda with relation to the rest 
of the animal kingdom. They have, in accordance with the views 
of various investigators, been placed in close connexion with many 
of the large groups into which the Invertebrates are split up. The 
Mollusca, the Tunicata, the Polyzoa, the Chaetopoda, the Gephyrea, 
and of recent times such isolated forms as Phoronis and Sagitta, 
have all in turn had their claims advanced of relationship to this 
most ancient group. As far as I am in a position to judge, their 
affinities seem to be perhaps more closely with the Gephyrea and 
with Phoronis than with any of the other claimants ; but I think 
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even these are too remote to justify any system of classification 
which would bring them together under a conmion. name. In- 
vestigation into the details of the embryology of the group, more 
especially into that of the Ecardines, might throw some light 
on this subject, and it is much to be desired that this should be 
undertaken without delay. That the group is a most ancient 
one, extending from the oldest geological formations, we know ; that 
the existing members of it have changed but little during the 
vast lapse of time since their earliest fossil ancestors flourished, 
we believe ; but we are in almost total ignorance of the origin or 
affinities of the group, and we can hardly hope for any light on 
the subject except through embryological research. 
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Introduction 

The wide distribution and vast abundance of the Brachiopoda 
throughout the whole series of geological formations make this 
group of especial importance to the student of the past history 
of the earth ; and the zoologist must always regard the fossil 
forms with peculiar interest, because they not only largely out- 
number the living representatives, but comprise numerous extinct 
genera, and even families, exhibiting types of structure and 
characters entirely absent in the modern members of the group. 
It is a most fortunate circumstance that the excellent state of 
preservation in which we frequently find them, and the immense 
amount of material at our disposal, enable us to determine with 
accuracy and certainty the internal characters of the shells in 
the great majority of cases. But it is only since the beginning of 
the present century that our knowledge of the anatomy of the soft 
parts of the living animal has rendered any tracing of homologies 
possible. In the case of features in fossil extinct types the interpre- 
tation must be to some extent doubtful. ^ Barrande, Clarke, David- 
son, Hall, King, Oehlert, Waagen, de Verneuil, and a host of other 
workers have contributed to the information which we now possess ; 
and their works must be consulted for details of the subject.* 

» J. Barrande, Syst. SUur. BolUme, vol. v. 1879. Hall and Clarke, BUrod. Palaco- 
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Since all Brachiopods are inhabitants of the sea, the geologist 
at once recognises as a marine deposit any bed which contains 
their remains. Under favourable conditions they swarmed in the 
seas of Palaeozoic and Mesozoic times. Beds of limestone are fre- 
quently almost entirely composed of their shells, as, for instance, 
some of the Devonian limestones of Bohemia. Often they give 
the facies to the fauna and outnumber in species and individuals 
all the other organisms of the period, i The Ungulite Sandstone 
(Cambrian) of Bussia and the Productus Limestone of the Salt 
Range in India of Carboniferous and Permian age are well-known 
examples. ^ 

^lany species seem to have been gregarious in habit ; thus 
Productus giganieits of the Carboniferous Limestone may generally 
be found in crowded masses, as in some localities in Yorkshire. 

The fact that certain species of Brachiopods characterise 
definite stratigraphical horizons or zones ” gives them occasionally 
an importance equal to that of Graptolites ; for instance, the 
Ecardinate species Trematis corona marks a set of beds in the 
Ordovician, and the isolated Stringocephalus Burtini is restricted 
to the upper part of the Middle Devonian, giving to the lime- 
stone on that horizon its distinctive name. It is noteworthy also 
how certain species affect a sandy and others a calcareous sea- 
bottom, so that beds of the same age show differences in their 
Brachiopod fauna owing to a dissimilar lithological composition. 

While few of the recent Brachiopods reach a large size, some 
of the extinct species measure several inches in breadth, but the 
great Productus giganteus attained the width of even a foot. 

The bright colours of the shells of the living animals are 
not generally preserved amongst the fossil species from the older 
rocks ; yet in a Carboniferous TercbratuLa we can even now 
detect the purple bands in some specimens, and a Cretaceous 
Rhynclionella similarly exhibits its original colour. 

The Brachiopoda are evidently a group in its decline, as the 
geological record shows; bu^ they date back from the earliest 
known fossiliferous rocks, in which the Ecardinate division 
is alone represented. As we ascend through the stratigraphical 
series the number and variety of genera and species belonging to 

zoU. Brack. (Palae<mt. of New York, 1892-1894). Davidson, Monogr, BrU. Foas. Bra^. 
(Palaeont. Soc. 1851-1884). Waageii, Salt Kange FossiU (Mem. Geol. Surv. India, 
1879-1885). 
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both divisions rapidly increase until in the united Ordovician and 
Silurian there are nearly 2000 species and about 70 genera. 
From this point of maximum development down to the jireseiit 
day there is a gradual decrease in numbers. 

According to Davidson, at legist 17 Upper Tertiary sjiecies are 
still living on our sea-bottoms ; and many recent Mediterranean 
forms occur in the riiocene rocks of the islands and shores of that 
sea, and in the Crags of East Anglia. 

A brief review of the chief characteristics of fossil Brachio- 
poda is given below. Those genera which have the greatest 
zoological or geological importance cun alone be noticed owing 
to the exigencies of space. 


I. ECARDINES 

External Characters 

A considerable diversity of external form is met with even in 
this division, from the limpet-like Discina to the Hattened tongue- 
shaped Lingula, The valves have most commonly a smooth 
external surface with delicate growth - lines ; but sometimes 
pittings {Trematis) or radiating ribs {Crania) are present, and in 
a few forms the shell is furnished with spines {Siphonotreta), 
which perhaps served to anchor it in the soft mud of the sea- 
bottom. The usual mode of fixntion was by means of the pedicle 
( = peduncle or stalk), which either (1) passed out simply between 
the posterior gaping portion of the valves {Lingula), or (2) lay 
in a slit in the ventral valve {Lingulella), or (3) pierced the sub- 
stance of the latter valve by a definite foramen {Discina), The 
first-mentioned condition of the pedicle seems the most primitiva 
Riirely the pedicle was absent, and the shell was attached by 
the whole surface of the vcmtral valve {Crania, ]). 467). 

The two valves in the fossil Ecardines were 'held together by 
muscular action, though in some families {Trivierellidae) we see 
traces of articulating processes. The ‘‘hinge line,” or line alon<r 
which the valves worked as on a hinge, is in most forms more oj- 
less curved. A “ hinge area ” {i,e, that portion of the shell gener- 
ally smoother than other parts of the valves, more or less tri- 
angular in form, and lying between the beaks on one or both 
sides of the hinge line), is usually absent in the Ecardines. 
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Internal Characters 

Owing to the rarity of well-preserved interiors of valves 
in this division, our knowledge of their internal characters is stUl 
far from satisfactory. The arrangement of the musciUar impres- 
sions varies greatly amongst extinct genera, but we are often able 
to interpret them with a considerable amount of certainty by a 
s'tudy of the scars and the muscles of the well-known recent 
Lingula (big. 322). The extreme specialisation of the muscles in 
many of the earliest genera (e.g. Lingula) is remarkable, and points 
to a long but so far undiscovered ancestry in pre-Cambrian times." 
In fossil species ot Crania and Lingula the muscle-scars correspond 

closely with those in the liv- 
ing representatives of these 
genera. In the most highly 
specialised family of the Ecar- 
dines — the Trimerellidae — 
we meet with features of 
peculiar interest.^ The muscle- 
scars in this family (Fig. 
323, A, B) are most remark- 
able for the development of 
the so-called crescent,” (y.r. 5 .) 
which skirts the posterior 

Fio. 322. -Muscle-scars of Lingrda anatina. » 

Inner surface of A, Pedicle-valve or ventral Sub -cardinal impression. It 

valve. B, Brachial or dorsal valve ; p.s, fg believpd to 1)P thp traop 

panetal scar ; u, umbonal muscle ; t, trans- ueiievea tO US tlie trace 

. medians; c, centrals; a.m,e, laterals (a, of a strong post - parietal 

auUriors ; middles ; e, externals). niUSCular wall, analogous in 

position to that of Lingvla. The three pairs of “ lateral ” 

muscle -scars in the latter genus seem to be represented by 
the terminal ” (s) and lateral ” (r) scars on the crescent 

^ result* of the investigations of King (j4nn. Mag, Nat. Hist, 4th ser. 
vol. xiL 1873) and of Brooks {Chesapeake Zool, Laboralory, Sdentific* HesultSj p. 32C 
1879), and the simple nomenclature of these authors are here followed in preference 
to those of others, owing to the difference of opinion amongst anatomists of the 
functions and homologies of the muscles. The lateral muscles enable the valves to 
move backwards and forwards on each other ; the centrals close the shell ; the um- 
bonals open it ; and the transmedians allow a sliding* sideways movement of one 
valve across the other (see also p. 477). 

* Davidson and King, QuaH, Jcnir, Oeol, Soc, xxx. (1874), p. 124. 
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of the I'rimcreUidac. A jiair of “ transverse ” scars (t) occurs 
ill each valve lietween the “terminals*' anil the antero- 
lateral edge of the “ ])latform ** {j). “Cardinal” (r), “ suh- 
eardinal ” (i^), and “ umho-lateral ” (x) sears also (xx.*ur. The 
median impression which covers the “ j^latform ” (/) consists of a 
central, lateral, and usually an anterior pair of scars ; and the 
impressions of the genital oigans, according to iJavidson and 
King, lie medianly posterior to the “ platform.” The “ platforni ** 


V 

✓ 


o 

u 

S- 

n- 


k- 


A B 

Fig. 323. — Tmiurelln. (After Davidson and King). A, Inner surface of })cdicle-valve or 
ventral valve : g, psendo-<leltidiiiiu ; A, deltidial slope ; r, deltidial riilges ; ff, areal 
borders ; c, cardinal callosities ; ./*, cardinal facet ; < 7 , lozenge ; r, ninboiial chambers 
, separated by cardinal buttress ; y, platform; /*, platform vaults; /, median plate; w/, 
median scars ; ?/, anterior scar.s ; n, lateral scars ; post-median senrs ; tf, crown 
crescent ; r, sitle or lateral crescent ; s, end or terminal cre.scent ; /, transverse scars ; 
Uy archlet (vascular sinuses); .snb-cardinal scars ; nmbo-lateral scars. 3 , Bnichial 
or dorsal valve : c, cardinal sockets ; y, ]ilatform ; ^*, platform vaults ; /, metlian 
]>late ; m, median scars ; ?/, anterior st'ars ; < 7 , crown crescent ; «*, siile or lateral 
crescent ; s, end or terminal crescent ; t transverse scars ; 1 /, oicUlet (vascular 
sinuses) ; Vy cardinal scars ; snb-cordiual scai-s. 

itstdf is a more or loss conspiciious central calciireous elevated 
area occurring in each valve, but most developed in the dorsal ; 
in some crises it is double - chaml )ered with tubular cavities 
(“ platform vaults,” Fig. 323, A, Ih others it is more or 

solid.- It appears to have originated through a posterior shifting 
of the central muscular hands, that they might he inserted l)ehiiul 
tlie liver ; at the siime time a dejmsition of shelly material, to 
form fulcra to work the heavy valves, took place at these points. 
The tunnelling -out of the platforni was probably due to the 
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continual pressure of the lobes of the liver. The division of the 

uiiibonal cavity into definite chambers in Monomerella, and to a 

ess extent in other members of this family, appears, according 

to Davidson and King, to have been caused by pressure of the 
ovarian lobes. 

In connexion with the foregoing remarks on the development 
of the “ plattorni,” it may be mentioned that the paths aloncr 
which the muscle-bands move, as the shell of Brachiopods increases 
in size, are marked hy elongated scars, and often by shelly 
deposits; and when the members of a muscle-pair come into 
juxtaposition these shelly deposits (which act as fulcra for the 
muscles) combine, and by the growth of the shell form a septum, 
as in the case of the median septum of Lingulepis. 

The Oholidae show some important features in the internal 
impressions. Obolella crassa (Hall) may be taken as a well 
known type of the family. In this species a pair of small 
scars, one on each side of the pedicle-groove, lies close under the 
hinge line in the ventral valve. There is also a well-marked scar 


for the insertion of the pedicle-muscle at the end of the pedicle- 

groove. A pair of much elongated lateral impressions extending 

forward from the cardinals ’’ may be l^pmologous with the 

laterals of Lingula ; and the two small central scars between 

them may be compared witli the centrals" oi Lingula which 

aie in a somewhat similar position. In the dorsal valve of 0. 

crassa a pair of “ cardinals " is found, and on each side of a low 

median rounded ridge are two small central " scars. Indistinct 

lateral scars arise close to or in the central area, and diverge 
anteriorly. 

Sometimes a great concentration of muscle - scars occurs 
round the foramen in the ventral valve, as in Siphonotreta, 

As regards the minute structure and composition of the shell 
in the Ecardines, we find that the lAngulidae and Discinidae 


have their shell composed of alternating i.^yers of phosphate of 
lime and a corneous substance; the former layers are pierced by 
microscopic canals. The Craniidae have calcareous shells tra- 
versed by tubules, which divide into many fine branches near 
the external surface ; a thin periostracum covers the exterior. 
The Trimerellidae have heavy thick calcareous shells, for which 
they required the previously-described elaborate arrangement of 
muscles to open and shut them. 
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1 1.— TEST IC AKD I N ES 


External Characters 


Tt is to this division that the great majority of the Brachio- 
poda belong ; and the diversity of form, of ornamentation, and 
of internal characters is correspondingly greater than in the 
Ecardines. 

A transversely or longitudinally oval shape of shell is the 
commonest ; but sometimes it is triangular, as in Rhynchonella 
(Fig. 327), or bilobed, as in Pygope ( = Terehratula dipliya). The 
ventral valve is usually more convex than the dorsal, and the 
former may be prolonged into a tube by the accelerated growth 
and infolding of the anterior and lateral margins, producing a 
very abnormal form {Prohoscidella). The external surface of the 
valves is frequently ornamented with more or less prominent 
radiating ribs ; and fine concentric growth-lines are commonly 
shown, and may be developed into coarse ridges or wrinkles, 
particularly in old individuals. The members of the family Pro- 
ductidae are usually furnished with tubular spines, which are some- 
times of great length, and served to anchor the free shells in the 
mud, or were twisted round Crinoid stems and similar objects. 

In the ventral valve of many genera there is a median sinus, 
with a corresponding fold in the dorsal valve, and rarely vice 
versd ; sometimes the fold and sinus are double. 

The hinge line is either curved or straight, and the valves 
are articulated by means of a pair of “ hinge-teeth ” (Fig. 329, t) 
in the ventral valve, which fit into corresponding sockets in the 
opposite valve. Some genera have the teeth very rudimentary, 
or have lost them altogether. The teeth are frequently sup- 
ported by dental plates,'* and the sockets by socket plates ” 
(e.g. Coru^hidium, Figs. 324, 325). A few genera with a long 
hinge line have the whole of it denticulated (Stropheodonta), In 
the dorsal valve medianly close under the hinge line is a shelly 
protuberance — the cardinal process" — to which the diductor 
muscles are attached. It is sometimes of great length and 
forked (StringocephcUus, .¥ig, 326), or tripartite, or even quadri- 
partite ; but in Rhynchonella and some other genera it is rudi- 


mentary. 

VOL. Ill 
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A “ hinge area ” (Fig. 334, c.a) is often present on one or both 
valves, and may be of great size, as in Clitamhonites, but in 
Productv.s it is wholly absent. In those genera that possess it a 
triangular fissure — the ‘‘ deltidial fissure ” — frequently traverses 



Fig. 324. — Conchidium galeatum. 
Weulock Limestoue. 



Fig. 325. — Cwichidium galeatum. 
Transverse section. Dor- 
sal valve ; d.Sy dorsal septum ; 
Sy socket plate ; v, ventral 
valve ; r.s, ventral septum ; 
d,j)y dental plate. 


it on both valves ; in the dorsal valve the fissure is merely the 
space between the dental sockets, and may be occupied by the 
cardinal process (Fig. 334, C) or covered by a shelly plate — the 
“ chilidium.” In the ventral valve it gives passage to the pedicle. 



Fig. 326 . — Slringocephalus Buriini. (Modified from Woodward.) Devonian. A, Interior 
of dorsal valve. Side view of interior of shell ; a, adductor ( = occlusor) scare; 
c, crura; c.p, cardinal process; d.Sy dorsal septum ; hinge plate ; I, brachial 
loop ; spf shelly proces.ses ; t.s, dental sockets ; v.s^ ventral septum. 

and may be partly or entirely closed by a similar plate (Fig. 
334, d) known as the “ pseudo-del tidium,” especially large in 
ClitamhoniteSy or remain open (Orthis). This pseudo-del tidium 
is a primitive character, and arises in an early stage of the 
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development as a shell-growth on the dorsal side of the animal, 
becoming attached to the ventral valve subsequently. The pedicle 
in many genera passes out through a special foramen in the beak 
of the ventral valve ; and its proximal portion is often embraced 
by a pair of small plates — the deltidial plates or “ deltidium ” 
— which are formed on lateral extensions of the ventral mantle 
lobe, according to Beecher. These plates lie on eq^h side of the 
pedicle, or grow round and unite in front of it {Rhynchonella, 
Fig. 327), or constitute merely its anterior border {Terehratula, 
Fig. 328). In some cases this foramen becomes closed in old age. 

The dorsal valve in a few cases has its beak perforated by a 



Fia. 327 . — Rhynchondla Boueti. 
(Oornbrash.) Deltidium; 
f foramen. 



Fia. 328. — Terebratula sella. 
(Lower Greensand.) cf, 
Deltidium ; /, foramen. 


foramen — the “ visceral foramen.” This foramen is in no way 
connected with the pedicle foramen, but points perhaps to the 
existence in the early Testicardinate genera of an anal aper- 
ture. In Athyris concentrica (Devonian) this foramen is connected 
internally with a cylindrical tube, which extends longitudinally 
to about one-third the length of the valve. In CerUronella the 
aperture in the cardinal plate is rounded and complete ; and in 
Strophomena and its allies the opening lies between the cardinal 
processes. If this feature is correctly interpreted, it suggests a 
retrogression of the group since I’alaeozoic times not only in 

numbers, but in structure ; and other evidence points the same 
way. 


Internal Characters 

The interior of tlie shell is sometimes more or less divided up 
by septa. A median septum occurs in one or both valves of 
many genera as a low ridge or strongly developed partition ( Wald- 
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heimia. Fig. 329, ss ; and String ocephalv^, Fig. 326, B, Con- 
chidium (Fig. 325) has its dental plates of great size, and unit- 
ing to form a V-shaped chamber or spondylium,” supported by a 
median double septum ;(and by means of these with a pair of septa 
and tlie large socket-plates in the dorsal valve^the interior of 
the shell of this genus is divided up into several chambers 

The interiors of several other genera are somewhat similarly 
divided up. 

In the Carboniferous genus Syringothyris two special plates, 
situated between the dental plates, are rolled into an incomplete 
tube, so as to enclose probably the anal extremity of the ali- 
mentary canal ; and in several genera a sub-umbonal cardinal 



Fio. 329. — Waldheimia {Magell^nia)Jlavesce7is. A, Interior of ventral valve: a, adductor 
scars ; ventral adjustors ; rf, divaricators ; a.d, accessory divaricators ; pedun- 
cular muscle ; deltidium ; /, foramen ; teeth. B, interior of dorsal valve : 
a. a, anterior adductor (occlusor) scars ; a.p, posterior atlductor (oi'clusor) scars ; 
c.pf cardinal process ; cr, crura ; rf.s, dental sockets ; hp, hinge-plate ; /, brachial 
looji ; sSf septum. (After Davidson.) 

plate ” is present, which is perforated {Athyris) or slit in some 

cases for the passage of the anal tube. 

For the support of the fleshy "'spiral arms” the calcareous 
structures forming the " brachial apparatus ” are of two main 
types — (1) the loop type; (2) the spiral-cone type. In the 
Strophomenidae no special calcareous support seems to have been 
usually present (Fig. 334), though in some species of Leptdena 
spirally-grooved elevated areas supported the fleshy arms ; in the 
Productidae it is probable that the ‘ridges enclosing the "reni- 
form impressions ” (Fig. 333, x) served for a similar purpose. 

^The Terehratvlidae show the " loop type ” of brachial appa- 
ratus. In Waldheimia (Fig. 329), which may be taken as an 
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example, we notice first in tlie dorsal valve the ‘‘ crnra (cr), 
from which arise the two “ descending branches ” which run 
forwards and then are bent back to form the “ ascending 
branches ” which are united by the “ transverse band.” In some 
genera the ascending branches ” may be reduced to mere points, 
and the transverse band ” become a median vertical plate ; the 
“ crura,” too, may be fused so as to form a “ crural band ” ; and 
the “ descending branches ” may be connected by a cross band — 
the “jugal band.” In Stringocephalus (Fig. 326, /, s:p) the loop 
is furnished on its inner edge with radiating processes ; and 
in Argiope the loop is simple, not reflected, and fused with 
marginal septa ; while in the Thecidiidae it is more or less fused 
with the shell itself, and with the mass of calcareous spicules 
secreted by the mantle. 

The “ spiral-cone type ” of brachial ap])aratus is found in the 
Spirifcridae, Atrypidae, and Koninckinidae, and consists of two 


spirally-enrolled calcified lamellae, forming two cones with their 
apices directed laterally {Spirifera, Fig. 330), or towards the 
interior of the dorsal valve {Atrypa, Fig. 332), or towards 
each other {Glassia) ; or forming two flat spirals in the same 
plane (^Koninckinidae^. A “jugal band ” is generally present, but 
varies much in position. 


and in some genera has 
complicated posterior pro- 
cesses. 

The Rhynchonellidae 
have no loop or spiral 
cones, but merely a pair 
of short “ crura.” 

The principal modifi- 
cations in the attachments 
of the muscles in the 



Fro. 330 . — Spirifera striata. (Carboniferous Lime 
stone. ) Showing brachial spires. 


Testicardines are illustrated by Prodwctus giganteus (Fig. 333), 

Leptaena rhomb oidalis (Fig. 334), and Waldheimia Jlavescens 
(Fig. 329). 

In Productus (Fig. 333) we see in the ventral valve a pair of 
dendritic occlusor, often called adductor, impressions and a pair 
of large flabellate divaricator impressions. In the dorsal valve the 
large “ cardinal process ” served for the attachment of the divari- 
cator, and a low median septum separated the dendritic occlusor 
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scars, which are rarely divisible into anterior and posterior 
pai rs. 

In Leptaena (Fig. 334) the occlusor scars (o) in the ventral 



F I (J. 331 . — A try pa reticu- 
laris. (Wenlofk Limc- 
stoue. ) 



Fig. 332. — Interior of the same, .seen 
from the dorsal side, showing 
brachial spires. (After Hall.) 


valve are narrow and median, and are enclosed by a pair of 
flabelliform divaricator impressions (d.v ) ; in the dorsal valve two 
pairs of occlnsor scars {a.a, p.a) are well marked, and accessory 
posterior occlusor scars are traceable in some specimens. The 


ea 



Fig. 333. — ProdudtLS giganteus. (After Woodward.) Carboniferous Limestone. A, 
Interior of dorsal valve. B, Interior of ventral valve. C, Transverse section of valves. 
D, Hinge lino of A: a, occlusor scars ; rf, divaricator scars ; t, “reniform impres- 
sions ” ; ca, cardinal process ; A, hinge line ; p, brachial prominence ; cavity 
for spiral arms ; cfo, dorsal valve ; rc, ventral valve. 

vascular sinuses (v.s) and genital areas are conspicuous in many 
species of this and other genera. 

In Waldheimia (Fig. 3 29 ) a sub-umbonal " peduncular muscle ** 
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scar (j>) in the ventral valve has before it a pair of “ accessory 
divaricator” scars (a.d) flanked by a pair of “ventral adjustor 
to®:) and a pair of “ divaricator ” impressions (rf), between wl.icb 
lie the two occlusor scars («). In the dorsal valve anterior and 
posterior pairs of occlusor scars (a.a, a.p) are visible. 

The minute structure of the calcareous shell of the lesti- 
cardines is of flattened fibrous prisms inclined at a very acute 




Fig. 334. — Leplaerw. Hwnvhnidalis. (Silurian.) 
A., External view of ventral valve. B, In- 
terior of ventral valve : cl, occlusor scars , 
rf, pseudo-deltidiuin ; d.v, divaricator scars ; 
CMy binge area ; teeth. C, Interior of 
dorsal valve : a. a, anterior occlusor scars ; 

p.a, posterior oc- 
clusor scars ; c.a, 
hinge area ; c.p, car- 
dinal process ; rf, 
chilidiura ; s, dental 
sockets ; v.Sy vascu- 
lar sinuses. 



angle to tlie surfaces. In many forms minute tubes more or 
less closely arranged pierce through tlie fihroiis shell-substance , 
hut in some genera (^PToductus^ they do not reach the outer 
surface (see p. 468). Allied genera, however, differ much in the 
punctate or impunctate character of the shell. 


Synopsis of Families 

I. Ecardines 
Family : Lingulidae 

Shell elongated, composed of alternating chitinons and calcareous layers, 
the latter of which are perforated. Attached by a pedicle passing between 

apices of valves. 

Arms have no calcified supports. 

(For muscles see Fig. 322.) 

Range. — Lower Cambrian to Recent. 

Principal Genera. — Lingula^ Lingulellay Lingulepis. 


504 FO.S55TT. RP Ari-rini>nrk A 



Family : Oholidae 


Shell varies in shape. Ventral valve provided with pedicular eroove 
or foramen. Cardirml border thickened. No brachial supports. Shell 
composed of alternating chitinous and calcareous layers, 

(For muscles see p. 496.) 

Range. — Lower Cambrian to Devonian. 

Principal Genera.— Oholella, Kutoryina, Linnarssonia, Siphono- 
treta, Acrotreta^ Neobolus. 

Family ; Discinidae 

I 

Shell rounded, valves more or less conical, fixed by pedicle pacing 

thrpugh slit or tubular foramen in ventral valve. No calcified brachial 
supports. Shell structure chiti no- calcareous. 

Range. — Ordovician to Recent. 

Principal Genera. — Disdnay Orhiculoideay Trematxs. 

Family : Craniidae 

Shell calcareous, subcircular ; fixed by surface of ventral valve ; dorsal 
valve the larger, depressed- conical. Shell structure punctate. 

Four principal muscular scars in each valve, with central triangular pro- 
tuberance in ventral valve (see p. 476). 

Range. — Ordovician to Recent 

Principal GENoa — Crania, 

Family : Trimerellidae 

Shell thick, calcareous, inequivalve ; beak of ventral valve usually 
prominent ; rudimentary teeth may be present ; hinge area well developed, 
with pseiido-deltidiuin. In interior of valves muscular platform, “ crescent,*' 
and sometimes sub-umbonal chambers (see p. 494, Fig. 323). - 

Range. — Ordovician and Silurian ; maximum in Wenlock. 

Principal Genera. — TrimerelUiy MonoTnerellOy LHnobolus, Rhinoholus, 


II. Testicardines 

Family : Froductidae 

Shell entirely free, or fixed by ventral valve or spines. Concavo-convex, 
more or less covered with tubular spines. Hinge line straight Hinge-teeth 
absent or rudimentary. 

Cardinal process prominent 

Reniform impressions in dorsal valve. 

(For muscular impressions see p. 501, Fig. 333.) 

Range. — Silurian to Permian. Genus Froductus very characteristic of 
the Carboniferous. 

Principal Genera. — Froductw, Cfumetes, Strophalosia, Frobo»e%d$lla, 
AulosUges, 
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Family : Strophomenidae 

Shell very variable in shape ; concavo-convex, plano-convex, or biconvex ; 
hinge line usually straight ; frequently with an area on each valve ; foramen 
may or may not be present Shell structure nearly always punctate. Ventral 
valve usually furnished with hinge-teeth ; and dorsal valve with cardinal 
process. 

Brachial supports completely absent or very rudimentary. 

(For muscular impressions see p. 502, Fig. 334.) 

Range. — Wholly Palaeozoic. 

Principal GEa^ERA. — Orthis with many sub -genera, ClitamboniteSj 
Skenidium, Strophomenaj OrthotheteSy Leptaenay Stropheodontay Plectamboniies, 

Family : Konincktnidae 

Shell plano-convex or concavo-convex. Brachial apparatus composed of 
two lamellae spirally enrolled in the same plane, or in the form of depressed 
cones, with the apices directed into the ventral valve. 

Range. — Silurian to Lias, 

Principal Genera. — Koninckiruiy Koninckellay Coelospiroy Dav^idsonia. 

Family : Spiriferidae 

Shell biconvex. Brachial apparatus consisting essentially of two descend- 
ing calcareous lamellae which by spiral enrolment form a pair of laterally- 
directed cones (Fig. 330). 

Range. — Chiefly Palaeozoic, but a few forms pass up into the Lias. 

Principal Genera. — S pin/era, GyHiay UndteSy Athyrisy Merista , 

Family : Atrypidae 

Brachial apparatus consists of two descending calcareous lamellae which 
bend outwards at the extremity of the crura and are coiled into two spiral 
cones, the apices ot which either converge towards each other (Glassia) or 
towards the dorsal valve (Atrypay Fig. 332), or diverge towards the dorsal 
valve (Dayia) ; shell structure impunctate. 

Range.— Ordovician to Trias. 

Principal Genera. — Atrypay Dayiay Glassia, 

Family : Rhynchonellidae 

Shell biconvex, hinge line usually curved. 

Beak of ventral valve incurved, with foramen. 

Calcareous brachial supports reducitd to a, pair of short curved crura. 

The septa, dental and socket plates may be highly developed and divide 
up the cavity of the shell into chambers {Stenochismay Conchidium), 

Shell structure fibrous, rarely punctate ; muscular impressions as in 
Terebraiulidae, 

Range. — Ordovician to Recent : majority of the genera are Palaeozoic, 

Principal GEsmA,—Rhynchonella (Fig. 327) Stenochismay Stricklandiay 
CondUdium, 


FOSSIL BRACHIOPODA 


CHAP. 


506 



Family : Terebratulidae 


Shell structure punctate. 

Aims supported by a calcareous loop, usually bent back on itself. 

(For muscular impressions see p. 502, Figs. 328, 329.) 

Beak of ventral valve perforated by foramen, furnished with deltidium. 
Range.— Devonian to Recent; maximum development in Mesozoic times. 

Principal Genera. — Terebratula, Terebratulina, Waldheimia, TerebrateUa' 
Kingena, Magas, Centronella. * 

Family : Argiopidae, 

Large foramen for passage of pedicle. Marginal septa present in both 
valves. Calcareous brachial loop follows margin of shell and is more or less 
fused with the septa. Shell structure punctate. 

Range. — Juiassic to Recent 

Principal Genera. — Argiope, Cistella, 

Family : Stringocephalidae 

Shell subcircular, punctate. Cardinal process liighly developed, bifid. 
Brachial apparatus composed of two calcareous free lamellae, prolonged at 
first downwards, then bent back, upwards and outwards to run parallel to 
margin of shell and to unite in front, thus constituting a wide loop. 

Range. — Silurian and Devonian. 

Sole Genus. — Sirin gocephalns. 

Family : Thecidiidae 

Shell usually fixed by beak of ventral valve, plano-convex. Sub-cardinal 
apophysis in ventral valve for attachment of occlusors. Marginal septa in 
dorsal valve. Calcareous lirachial loop more or less fused with shell, and 

with calcareous spicules of mantle. Shell structure ; inner layer fibrous, 
outer layer tubulated. 

Range. — C«nrboniferous to Recent 

Principal Genera. — Thecidium, Oldhamina. 


Stratigraphical Distribution of Brachiopoda 

It is remarkable that some of the earliest types of Brachiopoda 
exist generically unchanged at the present day. Such are ZinffiUa, 
ranging from the Cambrian ; Discina, and Crania, ranging from 
the Ordovician ; and amongst the hinged forms' TerehratvXa from 
the Devonian, and Rhynchonella from the Ordovician. 

In the lowest Cambrian (Olenellus beds) the most important 
genera are lAnnarssonia and Kutorgina, The hinged forms 
appear in the Cambrian, being represented by Orthis; but the 
majority in this formation belong to the Ecardines. Lingvla, 
Lingvlella, and Oholella are characteristic. 

In the Ordovician many new genera of the Testicardines 
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make their appearance, such as Strophomenay Leptaena, Airy pa ^ 
RhyTtchoTiellay ClitamhoniteSy etc., but the extraordinary abundance 
and variety of Ortliis is most remarkable. The Ecardines are 
reinforced by such forms as Trematis and Siphonotreta. It is, 
however, in the Silurian that the Testicardinate Brachiopoda 
attain their maximum, for in addition to a great development of 
species amongst the older forms, a host of new genera for the 
first time occur here {Spiriferay AthyriSy Conchidiurriy Stricklandiay 
ChoneteSy Cyrtiay etc.) ; and the Trirrurellidae are especially 
characteristic of the Wenlock. 

With the commencement of Devonian times many species and 
genera become extinct, but new forms come in {Terehratvlay 
OrthotheteSy ProduchtSy etc.), and some genera are wholly confined 
to this formation ( UnciteSy String ocephalv^y The Carboniferous is 
marked by the maximum development of Productus and Spirif era ; 
OrthotheteSy Stenochisma, and Athyris are also abundant, but there 
is a considerable extinction of the older genera and species, and a 
great diminution in the number of individuals and species of 
those that persist. 

A further reduction occurs in the Permian, where the most 
important genera are ProductuSy Strophalosiay and Stenochisma; 
but Avlosteges is a new form peculiar to this period. In the 
Trias a new era commences ; the principal families and genera 
of the older rocks disappear entirely ; a few spire-bearing genera 
persist {Spirif erina, Athyris)y and the genus Koninckina is 
restricted to this formation. 

The enormous development of species of the Terehratvlidae 
and Ehynchonellidae is the most noticeable feature in Jurassic 
times ; and a few ancient types linger on into the Lias {Spiri- 
ferinay Suessiay a sub-genus of Spirif era^ ; Koninckella here occurs. 

The Cretaceous Brachiopoda are closely allied to the Jurassic; 
Magas and Lyra are peculiar to the period, and the Terehratvlidae 
and Rhynchonellidae are very abundant, together with the 
Ecardinate genus Crania, 

With the commencement of Tertiary times the Brachiopoda 
have lost their geological importance, and have dwindled down 
into an insignificant proportion of the whole Invertebrate fauna. 

The distribution of the Brachiopoda in past time is shown 
in the following table : — 


Palaeozoic 


Mesozoic 


Ecardines 

Lingiilidac J^ingula . 


Obolidao 

Lingulella . 
Obolus . 

Discinidae 

Obolella . 
Kutorgina . 
Linnarssoiiia 
Trematis 
Siphon otre til 
Acrotreta . 
Discina . . 

Craniidac 

Crania . 

Trimerellidae 

Trimerella . 


Dinobolus . 


Koninckinidae 

Spiriferidae 


Testicardinks 

Productidae Productus . 

Chonetes 

Strophalosia 

Strophomenidae Orthis . 

Skenidium . 
Clitambonitcs 
Strophomena 
Stropheodonta 
Leptaena 
Orthothetea 
Davidsonia . 
Koninckinidae Koninckina . 

Koninckella 
Spiriferidae Spirifera. . 

Spiriferina . 
Cyrtia . . 

Syringothyris 
iJncites . 
Athyris . . 

Merista . 
Retzia . . 

Atrypidae A try pa . . 

Dayia . . 

Coelospira . 

Rhynchonellidae Rhyncnonella 

Stenochisma 
Stricklandia 
Conchidium 
Terebratiilidac Terebratula . 

Terebratulina 
Waldheimia 
Terebratella 
Kingena . . . 

Magas . . . 

GentroneUa 


Atrypidae 


Terebratiilidac 


Argiopidae 


Argiope . ' . 
Oistella . . 


Striiigocephalidae Strin^pcephalus 
Thecidiidac Thecidiura . . 

Oldhamins . . 


Cretaceous 
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PHYLOGENY AND ONTOGENY 

Wherever successive stages in the life history of an individual 
resemble in important anatomical features the adult individuals 
of other species occurring in successive members of a strati- 
graphical series, the development of the individual may be 
regarded as an epitome of the development of the species ; it 
also generally throws light on the origin and relationships of 
allied genera and families. 

In the case of the fossil Brachiopoda comparatively little 
work has yet been done in tracing their ontogeny or phylogeny, 
though the abundance, variety, and excellent state of preserva- 
tion of the extinct species offer a promising field for investiga- 
tion. It is to Dr. C. E. Beecher and other recent American 
palaeontologists that we owe our advance in this branch of the 
subject. 

In the first place, in about forty genera, representing nearly 
all the leading families of the group, the important fact has been 
established of the presence of a common form of embryonic shell, 
termed the “ protegulum,” which is “ semicircular or semielliptical 
in shape with a straight or arcuate hinge line and no hinge 
area ” (Beecher).^ Its minute size and delicate texture cause its 
preservation to be rare, but its impression is not uncommonly 
left on the beak of the adult shell. 

The main features of this embryonic shell are exhibited in the 
adult Lower Cambrian Brachiopod Oholvs {Kutorgind) Idbradoricus 
(Billings) ; the sub-equal semielliptical valves have lines of growth 
running concentrically and parallel to the margin of the shell, 
and ending abruptly against the straight hinge line ; and this 
indicates that there has been no change in the outline and 
proportions of the shell during its stages of growth, but only a 
general increase in size. It is very significant that we have 
here a mature type possessing the common embryonic characters 
of a host of widely separated genera, and we may therefore regard 
it as the most primitive form known. 

Many genera pass through this so-called “ Paterina ” stage 
either in the case of both their valves, or more generally in the 
case of the dorsal valve only ; but modifications in the form of 
the protegulum arise, which are due to the influence of accelerated 

^ Armr, Jour. Science ^ 1890 * 1893 . 
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growth, by which features belonging to later stages become 
impressed on the early embryonic shell. The most variable and 
specialised valve — the ventral or pedicle valve — naturally ex- 
hibits the effect of this influence first and to the greatest 
extent. The Palaeozoic adult forms of many species represent 
various pre-adult stages of the Mesozoic, Tertiary, and Eecent 
species, as is especially well shown in the genera Orhicvloidea and 
Discinisca, 

In the Strophomenoid shells the protegulum in the dorsal 
valve is usually normal, but in the ventral valve abbreviation 
of the hinge and curvature of the hinge line are produced by 
acceleration of the “ Discinoid stage ” in which a pedicle notch 
is present. 

No marked variation has yet been noticed in the spire-bearing, 
or Terebratuloid, or Rhynchonelloid genera. 

The form of the shell and the amount of difference in shape 
and size of the valves seem to be largely due to the length of the 
pedicle and its inclination to the axis of the body, as evidenced 
by the development of Terehratulina. A series showing progressive 
dissimilarity of the two valves arising from these causes can be 
traced from Lingula to Crania. The greater alteration that takes 
place in the ventral valve appears to be due to its position as 
lower and attached valve. If the pedicle is short a transversely- 
expanded shell with long hinge line results when the plane of 
the valves is vertical or ascending, but when the latter is hori- 
zontal a Discinoid form is found. This mode of attachment is 
often accompanied by a more or less plainly developed radial 
symmetry. Shells with long pedicles, on the other hand, are 
usually longer than wide. 

The character of the pedicle-opening is of great significance 
from an evolutional and classificatory point of view, for the suc- 
cessive stages through which it passes in embryonic growth are 
chronologically parallelled by different genera, and are likewise 
accompanied by the successive acquisition of other important 
anatomical characters, as has been shown by Beecher and others. 
The first and simplest type of pedicle opening is in shells with a 
posterior gaping of the valves, where the pedicle protrudes freely 
between them in a line with the axis, and the opening is shared 
by both valves, though generally to a greater extent by the ven- 
tral valve. Paterina ( = Obolu$ lahradoricus) and Lingula fui’iiish 
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examples of this type. In the second type the pedicle opening is re- 
stricted to the ventral valve, and the direction of the pedicle makes 
a right angle with the plane of the valves ; in the lower forms 
the pedicle lies in a slit or sinus {Trematidae), but by further 
specialisation it becomes enclosed by shell growth so as to lie 
within the periphery, and finally becomes subcentral in some 
genera {Discinidae). The third type shows the pedicle opening 
confined to the ventral valve and submarginal. A pseudo-delti- 
dium may preserve the original opening {Clitamhonites) ; or this 
shelly plate may become worn away or reabsorbed in the adult so 
that the deltidial fissure through which the pedicle passes 
remains quite open (firthidae). In the fourth type the incipient 
stage marks a return to the simple conditions of the first type ; 
but ultimately a pair of deltidial plates develop, and may com- 
pletely limit the pedicle opening below. Examples of this type are 
Spirifera and Rhynchonella. By means of these four types the 
Brachiopods have been divided into four Orders : the Atremata 
(type i.) ; the Neotreinata (type ii.) ; the Frotremata (type iii.) ; 
and the Telotremata (type iv.). 

The Telotremata were the last to appear, but the four types of 
pedicle -opening with the various forms of calcareous brachial 
apparatus were in existence in the Bala period of the Ordovician. 

As Paterina is the most primitive form of all, we may place it 
at the root of the phylogenetic tree. From it sprang the Atremata, 
which gave off the Neotremata and Frotremata ; the most primi- 
tive Neotremata seem to be the Trematidae, while the connectinsr 

O 

link between the Frotremata and Atremata is furnished hy the 
Kutorginidae. From the genus Conchidium and its allies we 
may see how the Rhy nchonellidae ushered in the Telotremata as 
an offshoot from the Frotremata. The Telotremata subsequently 
gave off two main branches, which became specialised with the 
loop-bearing and spire-bearing forms respectively. 

The evolution and mutual relationships of genera have been 
indicated with much probability by Hall, Clarke, and others. 
The Obolelloid type may be connected with the Linguloid by 
means of lAngvX^la and LiTigvdepiSj while in lAngula itself we 
find the point of divergence for the ancestors of Trimerella, and 
for a line of variation culminating in Fignomia. The Palaeo- 
zoic Ehynchonelloids branched off at an early period from the 
same stock as Orthis, and are connecting links between this 
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genus and Mesozoic Rhynchonellae ; and a whole series of genera 
exhibit intermediate stages of structure between the Rhyn- 
chonelloid and Pentameroid groups. The Terebratuloids can be 
traced back to the primitive type Renssodlaria ; and amongst 
spire-bearing forms, the protean genus Spirifera can be split up 
into groups of species which diverge along lines tending to forms 
no longer congeneric. When we come to deal with specific 
differences we find frequently such a host of intermediate varieties 
that the separation of many species, as in the case of Mesozoic 
Terebratulae, is to a large extent arbitrary and artificial 
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A BRA LI A, 391 

Absorption of internal portions of shell, 
250 

Abyssal Mollusca, 374 
Acanthinula^ 441 
AcanthoceraSf 399 
Acanthochitmi^ 403, 403 
Acanthodoris^ 434 
Acanthopleura, 403 ; eyes, 188 
Acavus, 303, 304, 335, 44 I 
Aceray 245, 430 

AcfmtiTuiy 278, 328-337, 333, 442y 443 ; 
jaw, 211 ; food, 33 ; size of egg, 124 ; 
A.fylicay 279 

Acfuitbiellay 278, 326, 327, 443 ; radula, 
234 ; musical sounds, 51 
AchaMrielloideSy 332 
AcuuUiy 287, 296, 414 
Acmaeay 4 O 6 ; radula, 227 
AcTTvCy 414 

AcmeUay 314, 415 
AcroptychwLy 336, 414 
AcroirttUy 504t ^08 

Actaam, 250, 427, 428. 4S9 ; radula, 217, 
230 ; atreptoneurous, 203 n. 

ActaeonelUiy 430 

ActaewitUy 43£ 

Actaeoniiuiy 250, 4£9 
ActinoceraSy 394 
ActinodonUiy 447 
Acustay 306, 316, 318, 441 
Adacnuy 12, 297, 455 

Adodariciy 1^4 
A damsiellay ‘ 414 
Addisoniuy 412 
Adelpkoc-erasy 395 

AdeorbiSy 4 I 6 
AdineUy 426 
AegireSy 434 

AegistUy 305, 316, 441 
Aegocerwiy 398 
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Aeolisy 10, 162, 432 ; ratlula, 217, 

229 ; stin^ng cells, 65 ; mimicked 
by Sagartiay 68 ; warning coloration. 

72 

Aerope, 328, 333, 44 O ; radula, 215: 

habits, 54 
Aestivation, 25 

Aeiheriay 328-336, 432 ; variation, 92 
Africarioriy 333, 44 O 
Agaroni/iy 426 

Age of snails, 39 
Aglossa, 7 
Agnatha, habits, 51 
A kiodoriSy 434 
AlcdxLy 415 

AlarUiy 418 
Alariopsisy 42C 
Albersuiy 320 
Albino varieties, 87 
Alcaditty 348-351, 4 IO 

Alderuiy 432 
Alexuiy 439 

AlidUy 459 
AllognathuSy 441 
AUopaguSy 452 

Alloposidae, 384 

Alvaniay 415 

Alycaeusy 266, 302 f., 309, 319, 414 

Amaliay 440 

Amaltheay 78 

AinaltheiiSy 398 

Avuistray 448 

Amauray 4 II 

Atnberleyay 409 

Ambonychiay 440 

Amicvluy 404 

Ammonitesy 247, 393, 398, 398; sutures, 
396 : aptychus, 397 * 

Amm’onoidea, 396 f. 

AmnicoUiy 325, 415 
Aftum/Xy radula, 222 
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Ampelita^ 335, j!ij^2 

Amphibola^ 10, 18, ; breathing, 151 ; 

radula, 236 

Amphibulimus, 352, 442) radula, 233 
Amphidoxa^ 358 

Amphidromus, 301, 305, 317, 310, 359, 
442 ; radula, 233 

Artipliineura, 8, 4^0 ; breathing organs, 
154, 168 ; nervous system, 203 ; geni- 
talia, 145 
Amphipeplmy 4^9 
AmphiperaSy 419 
Amphisphyray 4^0 
Amphisstty 423 
AmphitretuSy 383 

Ampullaria,y 17, 413 ; self-burial, 42 ; 
spawn, 126 ; breathing organs, 151, 
168 ; jaws, 212 ; shell, 249, 263 ; oper- 
culum, 268 ; distribution, 294, 320, 
322, 343, 359 
Ampidhirinay 302, 439 
AmpuUinUy 4II 
AvwLssiumy 430 
A my da y 423 
Aimbathroyiy 413 
AnachiSy 423 

AnadenuSy 24, 441 
Anal glands, 241 
Anal siphon, 164, 173 

Anastomopsisy 442 

Anatiruiy 274, 275, 439 
Anatinacea, 438 ; gills, 167 

AnauluSy 414 

Anchistomay 293, 296 
Ancillay 267, 423 

AncHlindy 423 
A ncistrochiruSy 391 
AncistroDxesuSy 405 
AncistroteuthiSy 391 

Anculay 434) radula, 229, 230 ; warning 
coloration, 72 
AnculoiuSy 417 
AncyloceraSy 247, 399 
Ancylusy \9y 439 ) breathing, 162 ; hiber- 
nating, 27 ; radula, 236 
AneiteUy 325, 443 
AngitremUy 340, >^77 
Anisocardixiy 451 

AnodUmtAy 259, 341, 432 ; shower of, 47 ; 
variation, 92 ; Glochidiumy 147 ; gill, 
167 ; otocyst, 197 ; nervous system, 
206 ; hinge, 274 ; A . anatiruiy 24 ; dis- 
tribution, 282 

Anodontopsiity 451 

ArwglyptOy 325, 441 

Arurmifiy 267, 448y 464 ; intestine, 241 ; 

byssus hole, 262 ; hearing, 196 
Anoniiacea, 443 
Arujplophirray 431 

AnosUnruiy 248, 266, 356, 358, 442 ; aper- 
ture, 63 

AnthracomUy 431 


Aiiuray 424 

Anus, 209, 241 
AperUy 334, 440 
AperosUyniUy 344, 414 
AphanotrochuSy 4 O 8 
AphdodoriSy radula, 230 

Apicaliay 422 

Aplacophora, 9, 404 ; radula, 228 
Aplectay 354, 439 

Apluslrumy 246, 428, 430 ; radula, 230 
Aplysuiy 245, 428, 431 ; stomach, 239 ; 

purple fluid, 65 
AplysioUleay 430 
Aporrhaisy 413 ) radula, 215 
Apricardiay 435 
Aptychus, 397 

AptyxidULy 417 
AptyxiSy 424 

Aral Sea, Liimuiea from near, 84 ; Car- 
dium from, 91 

Area, 14, 171, 273, 443 \ eyes, 191 
Arcacea, 443 
Arcachon, oyster-parks at, 105 
ArcesteSy 397 

Archidarisy 434, 434 J protective colora- 
tion, 73 

Architeuthisy 378, 390, 390 ; sucker, 381 

Arcomyay 438 

Aremuliay 307, 432 

Arctic shells, colour of, 86 

ArcxieUay 422 

Argiopty 470, 472, 479, 437 ; parasite of, 
485 ; distribution, 486 ; fossil, 501, 500 y 
508 

Argiopidae, 50(iy 508 
Argobuccinuviy 420 

Argmmutay 383, 383 ; egg-laying, 127 ; 
hectocotylised arm, 137 ; radula, 236 

Arinidy 413 

AriolirrutXy 441 1 341 ; radula, 233 
A rimiy 44O ) shell, 175, 245, 246 ; hardier 
than Hdixy 24 ; voracity, 30 f. ; egg- 
laying, 42 f. ; protective coloration, 70 ; 
pulmonary orifice, 160; food, 179; 
smell, 193 f. ; radula, 233 ; distribution, 

285 

ArionUty 341, 3»)3, 441 
AriuphanUiy 301, 308, 309, 316, 440 ; pro- 
tective coloration, 70 

Aristotle, on modified arm of polypus 138 

Ariemisy 434 
A rthuriuy 403 
Asaphisy 450 

Ascocerasy 394 
Ascoglossa, 11 n., 431 
Ashford, C., on 

UdiXy 26 ; on homing of UdiXy 35 , on 
dart-sac, 143 

AsoUtiey 410 

Aapergillumy 262, 439 
AspiMuSy 329, 440 
AapidocemSy 399 
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Assimined^ 415 
AslarUf 451 
AathenothaeniSy 4^9 
Astralium^ 4()9 

Atharcicophoni^, 443^seQ JanelUt 
Athyris^ 499, 500, 505 ; stratig^phical 
distribution, 507, 508 
Atilia, 42 s 

Atlanta, 421, 422 \ foot, 200 
Atopocochlis, 330, 44^ 

Atreniato, 511 

Atretia, distribution, 486, 4S7 
Atrypa, 501, 502 , 505 ; stratigi'aphical 
distribution, 507, 508 
Atrypidae, 501, 505, 508 
Aturna, 393, 395 
A tys, 428 , 430 

Aucapikiine, H., on tenacity of life. 
38 

Aucella, 44^ 

Aulopcnna, 157, 304, 4^4 > operculuin, 

269 

Aulostegcs, 504 ; stratigraphical distribu- 
tion, 507 

Auricula, 439 , 439 
Auriculella, 327, 443 
Auriculidae, 17, 18 , 260 , 439 , 439 ; lung, 
160 ; eyes, 186 ; radula, 235 
Austenia, 301, 304, 44 O 
Avellana, 430 

Avicula, 254, 258, 449 , 449; eyes, 190; 

genital orifice, 242 ; A. margaritifera, 
100 V/ , 

Aviculopecteni, 450 
Avicvlopiniui, 449 
Axinus, 452 
Azeca, 4Jf2 

Azygobranchiiita, 155, 407 

Babinka, 447 
Bactrites, 395 
Baculites, 399 
Baikalia, 290, 415 

Saird, Mr., on the British Museum snail, 
37 

Balea, 442 ; B. perversa, 24, 41 
Baltic, fauna of the, 12, 83, 366 
Bankivia, 4 O 8 
Barhatia, 44 S 
Barleeia, 415 

Barnacle, Rev. H. G., on musical sounds 
produced by Molluscs, 51 
Barometers, snails as, 50 
BarUettia, 452 
Basilissa, 376, 4 O 8 
Basommatophora, 11, 19, 181, 438 
Basterotia, 431 

Bateson, W., on variation in Cardium^ 91 ; 

on hearing in Anvinia, 196 
Bathinoceras, 395 
Bathydoris, 433 
BathyUuUiis, 390 


Batissa, 320, 453 
Beddomea, 304 
Beecher on phylogeny, 509 
Beetles, prey on Molluscs, 58 
Bela, 4^6 ; radula, 219 
Belemnites, 380 
Belemnitidae, 387 
Belemnosepia, 390 
Bellerophon, 266, 403f 
Beloptera, 380 
Belopteridae, 388 
Belosepia, 386, 388 
Beloteuthis, 390 
Beirdnx, 376, 4 O 8 
Benedictia, 290, 4^3 
Benthobia, 377 
Benthodolium, 377 
Berendtia, 44^ 

Beudant, experiments on Molluscs, 12 
Bideford Bridge and mussels, 117 
Binney, Dr., on epiphragm, 28 
Binneya, 341, 44 I 
Biradiolites, 436 
Birds, devour Molluscs, 56 f. 

Bithynella, 289, 293, 415 
Bithynia, 336, 342, 415; stomach, 239; 

habitat, 25 
Bittiuvi, 416 
Blacsospira, 346, 351 
Blandiella, 16, 414 
Blanfordia, 414 
Blind Molluscs, 185 
Blood, 171 

Bodd, land Molluscs, 24 
Boeuf and French oysters, 107 
Bohna, 409 
Bolternia, 346 
Boreofusus, radula, 221 
Bomella, 433 ; stomach, 239 
Borsonia, 436 
Boms, 356-358, 44 I 
Bourcieria, 357, 4 IO 
Bourguetia, ^17 
Bourguignatia , 332 
Bouvier — see Fischer 
Boysia, 302, 442 
Brachial apparatus, types of, 500 
Brachiopoda, fossil, limestone formed of, 
492 ; shell, 493, 497 ; muscle scars on, 
494, 501 ; platform, 495 ; synopsis of 
families, 503 ; stratigraphical distribu- 
tion, 506 ; phylogeny and ontoeenv 
509 ; Orders, 511 * 

Brachiopoda, recent 463 ; historical 

account of, 464 ; shell, 465 ; body, 
469 ; digestive system, 471 ; body 
cavity, 472 ; heart, 473 ; excretory 
organs, 474 ; muscles, 475 ; nervous 
system, 478 ; reproductive system, 478 • 
embryology, 479 ; habits, 482 ; distri- 
bution, 484 ; classification. 487 ; afiKni- 
ties, 487 
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Brachytreinct^ 417 
Brackish- water species, 14 
Branchiae, 151, 163, 164 
Branchial siphon, 155, 164, 173 
Braun, on self-impregnation, 44 
Breathing organs — see Kespiration, 
Branchiae 
Brechite^y 459 

Breeding, periodicity in, 129 
Erode ripicij 408 
Brotia, 305 
Browiiuiy 133 
Bucciiuinops^ 423 

Bicccinopsis, 424 \ radula, 221, 222 ; egg- 
laying, 128 

Buccinum^ 6, 424 > radula, 217 ; mons- 
trosity, 261 ; breeding, 129 ; osphra- 
dium, 195 ; spawn, 126 
BidiminuSy 24, 278, 285, 296 f., 316, 331, 
339, 4^ protective habits, 70 ; B, 
pallidior^ 38 

BulimvlriSy 278, 334, 339-359, 44^ i 
jaw, 211, 233 ; radula, 233 ; variation, 
87 

Bxdimusy 278, 342-359, 366, 441 ; radula, 
233 ; egg, 124 
Bvlinus — see Isidora 
BuXUiy 428, 480 

BuUiay 166, 423 ; habits, 192 ; foot, 198 ; 

radula, 221 
Bulloidea, 4^9 
Burrowing Mollusca, 446 
Burying propensities of Mollusca, 27, 
41 

Busycoriy 4^4 \ money made from, 97 ; 

egg-capsules, 126 — see Fulgut 
Butterell, Mr., on habits of TestacelUiy 
52 

Byssocardiuviy 455 
Byssus gland, 201 

CADLhVAy 484 
CadoceraSy 393 
CaduluSy 376, 445 

CcLecUianellay 448 ; habitat, 48 ; eyes, 
186 

GalcarelUiy 133 

California, land Mollusca, 280 

CaUwaU/mOy 408 ; jaws, 212 
CaUiatochit^y 408 
CaUochiUmy 403 
Callogazay 408 
Calloniay 448 
CaUopomay 409 

Cahnay protective coloration, 74 

Ccdybiumy 4 IO 

GalydUy 320, 448 

Calycidoriay 484 
CcUyptraeay 248 , 418 
CamaenUy 306, 306, 315, 316, 441 
Cambrian, Mollusca of the, 2 
Oamitiay 409 


Campaspey 483 
Campioceras y 302 
CamptonyXy 278, 302, 439 
Campylaeay 285, 289 f., 293, 441 
Canal, 155 
CanceUaria, 486 
Canidia, 16, 305, 483 
Cannibalism in snails and slugs, 32, 
33 

CantharidiLS, 4 O 8 
Cantharus, 275 ; radula, 222 
Caprina, 456 

Caprotinay 456 
CapvluSy 418 

CaracoluSy 347-351, 441 

CarbonicoUiy 451 
Cardiacea, 454 
Cardiapoday 421 
CardUuiy 454 

Cardinal plate, 500 
Cardinal process, 497, 501 

Cardinalixiy 4 O 8 

Cardinuiy 451 
Carditay 273, 451 
Carditelloy 451 

CarditopaiSy 451 

Cardiuniy 6, 273, 466, 455 ; C. edvde, 12, 
164 ; modifications, 12 ; variation, 84, 
91 : nervous system, 207 ; distribution, 
292, 297 

Carelia, 327, 443 

CaHnaria, 9, 422, 488 ; foot, 200 

CarinifeXy 489 
Carolitty 448 

Cartuaiana, 296 
Carychiurtiy 18, 439 
CaryodeSy 325, 359, 441 
CaaelUiy radula, 230 
Caspiay 12, 297 
Caspian Sea, fauna, 12, 297 
Casaidaria, 480 
Caaaidida, 18, 27^ 489, 489 
CassUy 255, 480 ; radula, 223 
Caataliay 344, 458 
CdtauluSy 266, 304, 15/, 414 

Caterpillars mimicking CUiusiluiy 68 

Cathaicay 316, 441 
CatineUdy 443 

CavoUnia, 158, 436 ; eyes, 186 


Ceciruiy 414 

CeniOy 432 ; breathing, 152 
Cmtrod(yria, 434 \ radula, 280 
Cmtronellay 499, 506, 508 
Cephalopoda, 378 f. ; defined, 5 ; ink, 

i 65; egg-laying, 127; 

^ branchiae, 168 ; osphradinm, 195 ; f^t, 
200 ; nervous system, 206 ; jaws, 213 ; 

radula, 236 


CepoliSy 349-851, 441 

Ceraatomay 483 

Ceraatua, 331, 441' 

Cerata of Nudibrauchs, 71, 159 
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Ceratites, 397, 398 ; suture, 396 
Ceratodes, 357, 4 I 6 
Ceres, 21, 354, 41 O 
Cert tel la, 477 

Cerithidea, 260, 417 ; (\ obtuaa, breath- 
ing, 152 

Cerithiopsis, 417 
Cerithium, 16, 41^ 

Cercntiya, 438 

Chaetodenna, 404, 4 O 4 \ breathing organs, 

164; nervous system, 203 ; radula, 217. 
228 

Chaetopleura , 403 
Charna, 257, 272, 446, 455 
Chamostrea, 458 

Changes in environment, effect of, 83 f. 
Chank-shell, fishery of, 100 
Charis, 324, 442 
Charopa, 319, 323-327, 441 
Chascax, 424 
Chelinodvra, 430 
Chelutropis, 133 
Chetwpyis, 478 
Chilidium, 498 
Chilina, 19, 343, 358 
Chilinidae, 439 ; radula, 236 
Chilotreina, 447 
China, use of shells in, 101 
Chiropteron, 133 
ChiroteiUhis, 385, 391 
Chiton, 8, 163, 433 ; egg-laying, 126 ; 
breathing organs, 153 f. ; eyes, 188 ; 
osphradiura, 195 ; radula, 228 ; nervous 
system, 203 ; valves, 401, 402 ; girdle, 
403 

Chitonelhcs, 404, 4 O 4 > valves, 401 
Chittya, 16, 348, 351, 414 
ChlamydephoriLs, 333, ^0 
Chlamydoconcha, 175, 245, 453 
Chlaviys, 450 

Chloritis, 306, 311, 319-324, 44 I 
ChlorosUmia , 4 O 8 
ChloTOstracia, 307 ^ 

Choanomphahcs, 250, 290, 439 
Chondrophora, 389 
Chondroponm, 346-355, 348, 414 
ChoTidrula, 285, 296, 296, 442 
Choneplax, 404 

Chonetes, 504 ; stratigraphical distribu- 
tion, 507, 508 
Choristes, 4^0 
Choristoceras, 398 
Chorus, 433 
Chromixioris, 434 j 
230 

ChryaaUida, 432 
Chrysodomus, 433 
Chrysostmna, ^9 
Cingula, 475 
Ciuguluia, 422 
Cionelln, 443 
Circe, 454 , 468 


jaws, 212 ; radula. 


Circulatory system, 169 
Circulus, 4 O 8 
Circumpolar species, 287 
Cirrhoteuthis, 381, 382 
CisieUa, 467, 470, 472, 476, 476, 479. 
480, 4SJ ; larvae, 481, 483 ; parasite 
of, 485 ; distribution, 486 ; fossil, 50G. 
608 

Cistopus, 385 

Cistula, 349, 351, 355, 414 
Cladohepatica, 432 
Clauculus, 40 8 

Classification, 5, 8 ; of Gasteropoda, 8. 
11 » » 
ClathureUa, 436 

Clausilta, 442, 443 ; mimicked by cater- 
pillars, 68 ; monstrosity, 251 ; distribu- 
tion, 285 f., 294, 305-318, 332, 339-356; 
C. rugosa, 24 ; scalaris, 278 
Clavagella, 262, 459 
Clavator, 335, 359, 44 I 
Clavatida, 436 
Clavella, 434 
Claviger, 329, 477 
Clea, 16, 305, 433 
Clementia, 454 
Cleodora, 436, 436 
Cleopatra, 294, 328, 331, 336, 4 IG 
Clessin, on duration of life, 39 
Clessinia, 12, 297 
Clio, 436, 436 

Cliona, enemy of oysters, 112 
Clione, 158, 438 
Clionopsis, 

ClitambonUes, 498, 505 ; stratigraphical 
distribution, 507, 508, 511 
Clithon, 327, 470 
ClydUynites, 398 
Clymenia, 397 
ClypideUa, 4 O 6 
Coccxdina, 4 O 8 
CochliceUa acuta, 278 
Cochliolepas, 77 
CocJdoceras, 398 
Cochlodesnui, 459 

CoclUostyla, 124, 278, 313, 315, 44 I 
Cockles, use of, 101, 118 
Coecum, 247, 260, 417, 418 
Coeliaxis, 334, 4^ ; habitat, 49 
Coelocentrum, 363, 442 
Coelospira, 505, 508 

Cold winter, effect on oysters, 112 ; on 
mussels, 116 

Collinge, W. E., on growth and burial of 
shells, 41 
Collisella, 405 

Collisellina, 405 ; radula, 227 
Collonia, J^9 
Colobocephalus, 430 
Colour of arctic shells, 86 
Colpodaspxs, 430 
Colavibarium, 436 
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Columhdla^ Jf23 ; radula, 222 
(Jolumhella ria , 

ColirmhelliiKt, J^O 
Columiui^ 328, 330, 1(43 
Cominella^ 16, 1(2 J( 

Com])osition of shell, 252 
Concluiy 463 

Conc/iidium^ 497, 498 , 500, 505 ; strati- 
graphical distribution, 507, 508, 511 
Coticholepas, 267, 4^3 
Ccmidea, 4^3 
Conocardium ^ 455 
Conor bis y 436 

Conus j 247, 275, 436 ; poisonous bite, 65 ; 
tooth, 66 ; shell, 69, 255, 260; mimicked 
by StrombuSy 69 ; prices given for rare, 
121 ; spawn, 125 ; radula, 218, 220 ; 
operculum, 269 
Cookiciy 409 
CoptochUuSy 314, 414 
CorcdliopluKjay 451 
CoraXiiophU(LjUliJ(33^ 

Corail iophilidae/raduT^ 216 

CorambCy 434 

Corasuiy 311, 319-321 
Corbiculay 15, 288, 292 f. , 433 

CorbiSy 452 

Corbultty 456 
Corillay 303 
CoronUy 27 y 443 
Coronariay 297 
C(yryda, 346-351, 44 I 

CoryphelUiy 432 
CosmoceraSy 399 
Cowry used as money, 96 
Coyote trapped by HaliotiSy 57 
CranchiUy 391 

CranuXy 464, 467 , 468, 469, 471, 472, 
473, 475, 476, 477 , 431 \ distribu- 
tion, 485 ; fossil, 493, 494, 504 ; strati- 
graphical distribution, 506, 507, 508, 

s^lO 

Craniidae, J(87y 496, 504y 508 
CranopsiSy 265, 406 
CraspedochitoTiy 403 
Craspedopomxiy 298, 414 
Craspedostorruiy 4113 
Crassatellay 451 
Cratenay 432 
Crawling of ffdixy 45 
CremnoconchuSy 16, 302, 413 
Crenaivlay 75, 4411 
Crenellay 449 
Crenipecteny 450 

\ **^^1 257, 412 , 41 ^ ; parasitic, 

78 

Crepipatellay 248 , 41^ 

Creseisy 436 , 436 ; eyes, 186 
Crimnray 434 J radula, 229 
Criocerasy 247, 399 , 399 
Oriatirfibhay 311, 319, 320, 441 
Croaaoatwmiy 4 O 8 


Cnicibulumy 248 , 412 
Cryptochitony 245, 371, 402, 404 
Cryptochorda.y 1^5 
Ci'yptoconchusy 4 O 4 
CryptophthoUmuSy 430 
Cryptosiracon, 353, 441 
Ctenidia, 151 — see Branchiae 
Cte7wpoina,y 346-351, 414 
Cucidlaeay 274, 443 
CultdluSy 457 
Cuinay 423 
Cumingiay 453 

Cuspidaruiy 459 ; branchiae, 168 
Cumeriruiy 436 , 436 
CyanCy 4 IO 

Cyathopomay 247 , 268, 314, 338, 414 
CyclaSy 453 'y veliger, 132 ; ova, 146; 
otocyst^ 197 ; C. comeay thread-spinning, 
29 ; distribution, 282 
Cyclinay 454 
Cyclobranchiata, 156 
Cyclocanthay 409 
Cydcnnorphay 414 
CycUmassay 423 
CycloneniUy 409 
Cyclophoridae, origin, 21 
CyclophoruSy 302, 306-319, 329-334, 344, 
352-358, 414 ; jaws, 212 ; radula, 

21 

CyclosUmuiy 328, 331 - 338, 414 , 414 » 
stomach, 239 ; vision, 184 ; osphradinm, 
195 ; nervous system, 205 ; C. eleyanSy 
287, 288 

Cyclostomatidae, origin, 21 ; radula, 224 ; 

gait, 199 
CyclostrcTnay 403 
CyclosuruSy 247 , 337, 414 
Cyclotopsisy 338, 414 
Cyclotusy 296, 319^20, 414 
Cylichnay 428 , 430 ; radula, 215 
CylindrMay 247 , 260 , 278, 343-355, 348 , 
442 \ monstrosity, 251, 252 
Cylindrellidae, radula, 233, 234 
CylindriteSy 430 
CylindrobuUay 430 
CylindromitrOy 425 ; radula, 222 
Cymbiumy 255, 367, 425 ; radula, 221 

CymlnUiay 437 
CymbuliopsiSy 437 
Cynodontay 424 
CyphomOy 419 

Cyfrraeay 178 , 419 ; prices given for rare, 
122 ; mantle-lobes, 177, 178 ; ratlula, 
224 ; shell, 255 , 260, 261 ; C, vunutAy 
96 

CypraeccLssiSy 420 
Cypraediay 419 
Cypraecvulay 419 
Cyprimeriay 454 
Cypriruiy 451 

CytenUy 15, 453 ; distribution, 285, 294 
Oyreneilay 453 


INDEX 


519 


Cyrtia^ 5if5 ; stratigi’aj>liicrtl distribution, 
507, 508 

Cyrfocerns, 304 
Cyrtoihtrid ^ 437 
CyrtodonUi^ 4^3 
Cyrtolites^ 4^7 
Cyrtarnotxis^ 44^ 

Cj/riotmtia^ 41 4 
Cysticopsisy 346-351, ^41 
Cystisr.usy 4^5 
dystopdUiy 325, 326, 44 O 
Cythei'my 464, 4^4 

DACRYDIVMy 449 
Daedalochilay 441 

Dali, W. H., quoted, 35 ; on branchiae, 
164 

Damayantiay 440 
DaphueJlUy 420 

Darbishire, R. D., on tenacity of life, 
39 

Durdaniciy 4 IO 
Dart-sac, 142 

Damlehardm y 239, 292 f., 440 
David sonitty 505 y 508 

Dawsoiiellciy 4 IO 

Dayiay 505 y 508 
Decapoda, 385 f. 

Decollation, 260 

Deep-sea Mollusca, 374 

De Folin, experiment on Cyclostoma y 157 

Deianiray 4 IO 

Delage, experiments on otocysts- 197 

Delphimilay 409 

Deltidiuni, 499 

DendronotuSy 433 ; protective coloration, 
72 ; habits, 51 

Dentaliumy 6, 444 , 443 ; used as money, 
97 ; veliger, 131 ; radula, 228 
Dentellaruiy 360 - 355, 441 ; aperture, 
63 

Desert species, 25, 85 
Deshay esiUy 4 II 
Desmoxdeay 428 

Development of fertilised ovum, 130 f. 

Dexiobra'iichaea y 437 

Diademoy 414 

Dial ay 415 

DUdexucay 441 

Diaphoray 314 

Diaphorostomay 412 

Diasicmay 4 I 8 

DiasUnruiy 417 

DtaululUy 434 

DibaphtiSy 425 

Dibranchiata, 880 \ eye, 183; nervous 
system, 207 
DiceraSy 269, 455 
Didacnay 12, 297, 455 
Differences of sex, 133 
Digxiwnitiy 511 
Digonopora, 134, 144 


Diloinay 4 OS 
Di marph typtych ta, 4IO 
Dimyay 450 

Dindfolusy 50 4^ 508 

DinoplaXy 403 
Diotocardia, 9, 170, 405 f. 

Diploiiontn y 452 
Diploinmatinay 302-327, 413 
DiplojfiphaluSy 322, 323, 440 
Diplopomay 346, 351, 414 
Dipsaccusy 424 
DipsaSy 307 

Discinuy 464, 468, 471, 475, 4S7 ; distri- 
bution, 485 ; fossil, 493, 504 ; strati- 
graphical distribution, 506, 508 
Discinidae, 437 y 496, 504y 508, 511 
Disdiiiscay 487 y 510 ; distribution, 485 
486 


JJisciteSy 395 
Discodorisy 434 
Disco.soruSy 394 
Distortioy 255 — see Persona 
Ditropisy 312, 314, 414 
Docoglossa, 227, 405 
Dolabellay 428, 431 
DolabrifeVy 431 

Doliumy 419 ; acid secretion, 23' 
269. 446, >7.? 

Donttersuiy 4 O 4 — v 

Dorcasiay 333, 441 
Doridiuviy 4^0 

DorulunculxiSy 434 ; radula, 229 
Doriopsisy 434 

Dorisy breathing organs. 169 

23 a 


radula. 


Dorsannmy 423 
Dosidicusy 390 
Dost n lay 454 

DotOy 433 ; protective coloration, 71 
Dreissensmy 14, 123, 452 \ hibernation, 
26 ; singular habitat, 48 ; veliger, 132, 
146 ; eyes, 192 
Dreissensioinyay 452 
Drepaniay 434 
DrUlitty 426 

DrymaeuSy 356, 442 
Dryptusy 356, 44 I 
Durgellay 301, 304, 440 
Dwarf varieties, 88 
DybowskUiy 290 


EASTONiAy 454 

Rbumay 267, 424 ; radula, 220 
Ecardines, 466 ; muscles, 476 ; fossil 
493 ; families, 487 y 503y 508 
EccylionxphaluSy 413 
EchinospirOy 133 
Edentulinay 338 

Egg-laying of AHoriy 42 f. ; of Mollusca" v 
generally, 123 

Eglisuiy 411 

Eider-duck, shells used by, 102 
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EUua, 322, J,Jfl 
Elasmoneura, Ifll 
Eledone, 385, 385 ; radula, 236 
Klizia^ J!f56 

Elysuiy 1^2 ; protective coloration, 73 ; 

breathing, 152 ; radula, 217, 230, 432 
Errmrginula, 266, 50G 
Embletonia^ 429 
Emviericia^ 415 
Ena, 296, 442 
Enaeta, 425 
Endoceras, 394 
Endodonta, 325, 334, 441 
Engina, 4^4 
Enida, 408 

Ennea, 298, 302, 306, 309, 314, 316, 
328-337, 440, UO ; habits, 54 ; E, bicolcrr, 
279 

Enoplochiion, 403, 403 
Enoploteuthis, 391 
Ensis, 457 

Entocolax, 77, 79, 152 
Enioconcha, 77, 79, 152, 216 
Entovalva, 77, 82 

Ephippodanta , 453 ; commensal, 81 
Epidromus, 4^0 
Epiphragm, 26 27 f. 

Epipodia, 427 
Erato, 410 
Eremophila, 294 
Ergaea, 248, 41^ 

Erinna, 327, 459 
Erosion, 276 
ErvUia, 454 
Erycina, 453 
Escargotieres, 119 
Estria, 329, 4^ 

Estuarine species, 14 
EthaXui, 409 

Euccdodium, 260, 353, 44^ 

Enchelus, 4 O 8 
Eachrysallis, 4^0 
Eudioptus, 44^ 

Eudoxochiton, 403 
Eu.hadra, 316, 318, 41^1 
Eulamellibranchiata, 451 ; gill, 166, 

167 

EAdima, 422 ; parasi ^if* 77 7ft 
EuliTneUa^‘^5^f^T22 
Eulota, 296, 441 
Eyamphalus, 247, 415 
Euplecta, 440 
Eupleura, 423 
Euplocamus, 454 
Euryhia, 458 
Eurycampta, 346-351 
Eurycratera, 349, 351, 441 
Eurystoma, 304 
Euryixis, 41^ 

Euthria, 424 
Euthyneuro, 203 
Eutrochaldla, 347-351, 348 . 410 


Exploring expeditions, 362 
Eye in Mollusca, 181 f. 

Facelixa, 432 
Fasciolaria, 424 \ radula, 221 
FoAtigieUa, 4 IO 
Favorinus, Jf52 
Fendla^ 415 

Fertilised ovum, development, 130 f. 
Ftrussacia, 291, 293, 297 f., 442 
Fiji islanders, use of shells, 98 
Filibranchiata, 445 \ gill, 166 
Fiona, 452 ; radula, 217 
Firoloida, 421 

Fischer and Bouvier, on breathing of 
AmpuUaria, 158 
Fischeria, 15, 328, 455 
Fish devour Mollusca, 59 
FissureUa, 265 , 4 OO ; breathing organs, 
163 ; apical hole, 156 ; nervous system, 
204 ; radula, 227 ; growth, 261 
Fissurdlidaea, 4 O 6 
Fissuridea, 4 OO 
Fissurisepta, 4fi6 
F'istulana, 262, 457 
Flabdlina, 452 
Fluminicola, 415 
Folinia, 415 

Food of Mollusca, 30 f. ; Mollusca as 
food, 102 f. 

Foot, 193 ;'^in classification, 5 
Forel, on deep-water Limnam, 162 
Formation of shell, 255 
Fortisia, 429 
Fossarina, 415 
Fossarvius, 302, 415 
Fossar'ns, 415 

Fourth orifice in mantle, 174 
Fresh- water species living iu sea, 12 ; 
frozen hard, 24 

Frogs and toads devour Mollusca, 58 
Frutidcola, 285, 290, 316, 318, 441 
Fruticocampylaea, 296 
Fryeria, 454 
Fulgur, 249 , 424 
Fusispira, 420 
Fusits, 262, 424 

Oad/^, 162, 451 ; breathing, 10 , lui i 
classification, 19 ; radula, 217, 230 
Gain, W. A., quoted, 32, 33, 39 ; on taste 

of Mollusca, 179 
Oalatm, 15, 328, 336, 455 

Oaleomma, 175, 455 
OalfTMA, 248 , 412 \ egg-capsules, 125 
Garstang, W., on protective and warning 

coloration, 73 

Gaskoin, on tenacity of life, 38 ; on egg- 
laying, 42 

Gassies, on hybrid union in snails, 130 
Gasteropoda, classification, 8, 11, 400 f. 
Oastrana, 455 
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Oastrochaena^ 4-57 ; habits, 64 
Qastrodontay 440 
Gastropteroriy 245, 4^0 

Oazay 376, 4^8 
Oeruiy 246, 4 O 8 

Oeneay J 424 
OenotioLy 4^8 

QtomalacuSy 160, 288, 291, 44^ » P*’o- 
tective coloration, 70 
G eomelania y 16, 348, 351, 4^4 
Qeorgiay 331, 414 
Oeorissay 318, 47^0 
Oeostilhuiy 338, 44^ 

Qermitiay 447 

Qerstfeldtiay 290 
Oibbukiy 4 O 8 

Oibbusy 328-338, 440, 440 

Qaiuiy 415 

Gills — see Branchiae 
Oirasiay 301, 304, 440 
Qlandiiiay 64, 178, 278, 292 f., 339- 
355, 440 ; radula, 231, 232 ; habits, 
53 

Glands, germ, 134, 140 ; nidamental, 
136 

Qlassiay 501, 505 
OLaucomyay 320, 454 
OlauciLSy 429, ^2 

Olebay 437 

Olessulay 301, 309, 310, 333, 442 
Glochidium, 147 

QlomuSy 448 

Olossocerasy 394 
Glossophora, 7 

Olottidiay distribution, 485, 487 
OlycimeriSy 457 

QlyphiSy 400 

Qlyptosiomay 341, 447 
OomphoceraSy 39 4i 396 
OoTiatuSy 391 
OoniatiteSy 397y 398 
OoniobasiSy 341, 477 

OoniodorLsy 4^4 1 protective coloration, 
73 ; radula, 229 
Qoniomyay 458 
OoTwstomay 291, 316, 447 

OoniostomuSy 44^ 

Grammy sixty 459 

Qrateloupixiy 454 

Great Eastern, and mussels, 116 
Greenhouses, slugs in, 35 
Green oysters, 108 
Oresslyay 458 
Growth of shell, 40, 257 

Ouesteriay 440 
OiiUdforduiy 409 

Ouh-Uleay 186, 376, 425 

Gulls and Mollusca, 56 

OundlxLchuiy 19, 325, 345, 352, 359, 

439 

Gymnoglossa, 216, 225, 422 
Gymnosomata, 437 


Gyrocera. 8 y 247, 395 
Oyrotatiuiy 477 

JiADRAy 306, 315, 319*325, 322 , 44t 

Haxirianiay 433 

Haemoglobin, 171 
Hainesixiy 336, 474 
Haliay 366, 426 

Haliotinellay 437 

Haliotisy 266 , 407 : and coyote, 57 ; holes 
of, 156; osphradium, 195; epipodium, 
199 ; nervous system, 204 ; radula, 215, 
226 

Halopsychey 159, 438 , 438 
Hamineay 428 , 430 ; protective colora- 
tion, 73 
HamiteSy 399 
Uamvdiiuiy 399 
Hanleyiay 403 
HapaluSy 331, 442 

Uarpay radula, 425 y 216, 221 self-muti- 
lation, 45 

HarpagodeSy 478 
HarpoceraSy 399 
Harvellxiy 454 
Hatching of eggs, 43 

Hazay, on duration of life, 39 ; on varia- 
tion in Limiiamy 93 
Hearing powers of Mollusca, 196 
Heart, iu classification, 9 ; action during 
hibernation, 26; and branchiae, 169 
Hectocotylus arm, 137 f. 

Helciorty 405 ; protective coloration, 69 
HelcionisciLSy 405 

Hele, F. M. , on HyaXinixiy 33 ; on Steno- 
gyray 34 

Helicarion y 309, 316, 325, 332, 44 O ; 

radula, 232 ; habits, 45, 67 
Helicidae, radula, 232, 234 
Helixiiruiy 305, 306, 316-327, 338-358, 
470 ; origin, 21 ; exterminated by 
cold, 24 

Helicophantay 335, 336 , 441 , 447 

HeligmuSy 440 

Helixy 447 ; toothed aperture, 63 ; protec- 
tive coloration, 70 ; variation, 87 ; car- 
bonic acid, 163 ; eye, 181 , 183 ; food, 
179 ; smell, 194 ; jaw, 211 ; distribu- 
tion, 285 ; tenacity of life, 37 ; breed- 
ing, 129 

Helix altematay 340 ; angvlaUty 360 ; 
apertay 38, 39, 51, 293 ; arbust&rumy 
bathing, 23 ; caperatay variation, 89 ; 
cereolusy 340 ; cicatricosay 316 ; creni- 
labrisy 45 ; delphinulaideSy 297 ; deserto- 
rumy 37, 38, 70, 294 ; JideliSy 341 ; 

bxiemastomay habits, 70 ; hxirpay 287 ; 
hortensisy 10 , 279 ; pulsations, 26 ; 
epiphragin, 28 ; rock-boring, 49 ; dart, 
143 ; imperatoTy 347 ; habits, 45 ; 
laeiniosay 297 ; laxteay 25, 38, 42, 279 ; 
linuiy 360 ; muscarumy 347 ; nemxyralisy 
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38, 180 ; nicieiisLs\ 292 ; iiux denticu- 
Uita^ 360 ; pollwin^ 340 ; jnstnia^ 25 ; 
lial)its, 33 ; ^ 2'), 34, 40 ; eye, 

181 ; pomtnn, 322 ; pulchelln^ 279 ; 
ri(‘hm(ni<ii(nuf^ 322 ; msacai, 269 ; ros- 
tra la^ 347 ; roto, 314 ; rvfesccnsj pnlsa- 
lioiis, 23 ; sivtdan.s, 279 ; souverbuoia, 
336 , 441 ; stri(j(ita^ 293 ; ti'istis^ liabits, 
49 ; turrirala, 297 ; Veatchii, 38 ; 
Wattoai, 304 ; Wollastoiiif 297 ; zonata^ 
293 

Helix aspersa, homing, 35 ; smell, 36 ; 
duration of life, 39 ; growth, 40 ; 
strength, 45 ; boring rock, 50 ; varia- 
tion, 87, 89 ; eaten, 119 ; hybrid 

union, 130 ; generative organs, 140 f. , 
141 ; dart-sac, 143 ; pulmonary cham- 
ber, 160 ; rad u I a, 217 ; alimentary 
canal, 237 ; monstrosities, 251, 262 ; 
growth, 258 ; distribution, 279, 289 
Hem ia rth ru m , 403 
11 cm ica rdi um , 433 
Hemidonax, 433 
1 /enii/usus, 4^4 
Hemipecien, 430 

Hemiplectxi, 310, 316, 319, Z2\y UO 
Hemisepiusy 389 
HemisinuSy 357, >^77 
HemitomOy 266 
Hemitrichuiy 314 
UemilrochuSy 346-351, 441 
Hemphilliay 245, 341, 441 
Hercoceras, 395 

Herdman, Prof. W. A., on cerata of Nudi- 
branchs, 71 f. ; experiments on taste o 
Nudibranchs, 72 ; on Littorina rudis 
151 n. 

Hermaeay 432 ; protective coloration; 

73 

Hermaphrodite Mollusca, 134, 140, 145 
Hermit-crabs, shells used by, 102 
HerOy 432 
Heterocardixiy 434 
HeterndiceraSy 435 

Heteropoda, 9, 430 f. ; radula, 228 
foot, 200 

HeudeiUy 316, 4IO 
HexahranchitSy 434 

Hibernation, 25, 163 
High altitudes, Mollusca living at, 24 

HimellUy 15 
Hindsiay 424 
Hindsidlay 433 
Hinge area, 493, 498 
Hinge, in bivalves, 272 
HinniteSy 257, 430 
Hipponyxy 248, 412 

IlippopuSy 435 

Hippuritesy 456 , 430 
Ilisiiftpsiay 391 
IlistioteuthUy 391 
IIoUoaU/nujLy 417 


Holohepaticay 433 

JJolnpdlay 411 

Holospiray 339, 353, 442 
Holostomata, 156 
JImmdogyray 413 ; radula, 223 
UomalonyXy 245, 343-358, 443 
Homing powers of Mollusca, 34 
HomoruSy 330-337, 443 
HopUteSy 399 
IloplopteroTi y 422 
llorexty 332 
Horiostomay 409 

Hot springs, Mollusca living in, 25 
Huron iay 394 
IfyalaeOy 10 , 436 

Hycdimaxy 245, 305, 306, 338, 443 
Hyaline stylet, 240 

Hyalinuiy 440 ; pulsations, 26 ; food, 33 ; 
smell, 194 ; dart, 143 ; radula, 232, 
234 ; distribution, 287 f., 318, 340-357 ; 
H. alliaridy 279 ; smell, 194 ; cellarUiy 
279 ; Drapamaldiy 33 
Hyaloc.yliXy 437 
Hyalosagdoy 352 
Hybocystisy 305, 309, 414 
Hybridism, 129 
Hydatinay 430 ; radula, 231 
Ifydrotnay 325, 332, 413 ; H, ulvaey egg- 
laying, 128 

Hydrocenay 298, 4 IO ; radula, 226 
Hymenoptera build in dead shells, 102 
Hypobranchaeay 434 J radula, 230 

Ilypotremay 443 

Hypselosiomay 248, 302, 305, 314, 442 
Hyridy 344, 432 
Hystricdlay 297 

lANTHiNAy 360, 126, 411 ; egg-capsules, 
125 ; eyes, 186 ; radula, 224 
lapeteUay 385 
IberitSy 285-293, 297, 441 

IchthyosarcoliteSy 436 

Idalia, 179, 429, 4Si ; radula, 229, 230 
IdaSy 440 
Idiosepicrriy 389 
niexy 390 

JmbHcariOy 425 ; radula, 221 

ImperatoTy 409 . u n ioo 

Indians of America, use of shells, 100 

InfundihtUumy 408 

JnioteuthiSy 389 
Ink-sac, 241 

Inoctramusy 449 

Insects eaten by Mollusca, 32 
Insularidy 319, 320 
Intestine, 241 
Joy 16, 340, 417 
lopoAy 423 

Iphigenidy 15, 433 

Iravadiay 305, 413 
Iridiruiy 294 

Irusy 297 
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hamUiy 40 ^ 

IschnochitoUf 4^S 

Isidora, 298, 320-327, 333, 336, 359, 
4S9 

Is7)ienia, 404 
Isocardia^ 269, 451, 4^1 
Isodontay 4^3 
Isoweria, 343, 356, 44^ 

Issay 434 

Jamaicia, 414 

Janeilay 161, 443 ; pulmonary orifice, 

161 

Janellidae, radiila, 234 ; distribution, 321- 
326 

JanuSy 433 
JaponUiy 318 
Jaws, 210 

Jeanerettiay 346-351, 44^ 

Jeffreys, Dr., on Limnaeay 34 ; on 
Neptuneay 193 
Jeffreysiay 4^3 ; radula, 223 
Joruniuiy protective coloration, 73 
Jouannettiay 431 

JxLUienuiy 307, 4^3 

JumaUiy 434 

KALiELLAy 301, 304, 310, 314-317, 335, 

440 

Kalingay 434 

Kashmir, land Mollusca, 280 

KaOierinay 403 

KeUelixiy 424 

Kelliay 458 

KdlyelUiy 432 

Kidneys, 242 

Ring, R. L., on smell in bivalves, 195 
Kingenay 506y 508 
Kitchen -middens, 104 

KoninckdlUy 505 ; stratigraphical distri- 
bution, 507, 508 

Koninckinay 505 ; stratigraphical distribu- 
tion, 507, 508 

Koninckinidae, 501, 505y 508 
KutorgiruLy 504 stratigraphical distri- 
bution, 506, 508 ; embryonic shell, 
^ 509 

Labial palps, 210 

Labyrinthusy 342, 353-357, 44^ J aper- 
ture, 63 

Lacaze - Duthiers on Testacdlay 52 f. ; on 
smell in Udixy 194 
Lacun/iy 4^3 

LacuTwpsiSy 332 
Lagenay 424 

LagochUxLSy 309, 316-319, 4^4 
LameHarUiy 245, 4 II » habits and protec- 
tive coloration, 74 ; parasitic, 78 ; 
radula, 223 

LavidlultrriSy 434 \ radula, 229, 230, 231 

Lampanitty 4^^ 


Land Mollusca, origin, 1 1 f. 

Ijanistesy 249, 294, 328, 331, 4 I 6 
Lankester, Prof. E. Ray, on shell-gland, 
132 ; on haemoglobin, 171 
Ijantziay 278, 388, 430 
Ijoortuiy 441 
Ixirinay 302, 477 

Larvae of Pelecypoda, 7 ; of insects resem- 
bling Mollusca, 67 f. 

LasdeUy 433 

lAitiay 19, 326, 

LatuixiSy 423 

LatirxLSy 424 

Latter, O. H., on Glochiiliuiriy 147 
Layard, E. L., on self-burying Mollusca, 
41 ; on sudden apj)earance of StniogyrUy 
47 ; on Codiaxisy 49 ; on Rhyiida and 
Aeropey 54 
Led^fy 447 
Leiay 348-351, 443 
Leilay 344, 452 

Leonitty 414 

Lepda, 405 
LepeUlUiy 405 
Lepetidae, radula, 227 
Lejyidonieniay 404 \ radula, 229 
Leptaxhatixuiy 327 

Leptaenay 500, 501, 502, 603 , 505 ; strati- 
graphical distribution, 507, 508 
LeptoixiSy 441 
Leptinariay 357, 358, 442 

Leptochitoriy 403 
LeptoconchuSy 75, 423 
Leptolcmuiy 348, 351 

Lepton y 433 ; parasitic, 77 ; commensal, 
80 ; mantle-edge, 175, 178 

LepioplaXy 4 OS 

Leptopcnnay 316, 319, 338, 414 

LeptoteuthiSy 390 
Leptothyray 409 
Leroyay 331 
Leuxochilay 442 
Leucochloridunriy 61 
Leiicochroay 292 , 295, 441 
Leuconiay 439 

Leucotaenia y 335, 359, 441 
Leucozonuiy 64, 424 , 424 
Levantinay 295 
Libanixiy 295 

LiberOy 327, 441 ; egg-laying, 128 
Libitinay 431 
Licinay 414 

Life, duration of, in snails, 39 
Ligament, 271 
LiguuSy 349, 351, 442 
Liimiy 178, 179 , 430 ; habits, 63 
Limacidae, radula, 232 
Limacinay 59, 249, 436 , 436 
Livuipontiay 429, 432 'y breathing, 152 
LinutXy 245, 440 ; food, 31, 179 ; varia- 
tion, 86 ; pulmonary orifice, 160 ; shell, 
175 ; jaw, 211 ; rmlula, 217 ; distribu- 
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tioii, 285, 324 j Z,. (ujrcstiSy eats May 
flies, 31 ; arhonun, slime, 30 ; food, 

31 ; favus, food, 33, 36 ; habits, 35, 

36 ; 279, 358 ; maxivius^ 32 , 

161 ; eats raw beef, 32 ; cannibalism, 

32 ; sexual union, 128 ; smell, 193 f. 
Limea^ 

Limicolaria, 329-332, 443 
Limnnea, 439 ; self-impregnation, 44 ; 
development and variation, 84, 92, 93 ; 
size affected by volume of water, 94 ; 

124 ; sexual union, 134 ; jaw, 
211 ; radula, 217, 235 ; L. auriculaHa, 
24 ; plutinosa^ sudden appearance, 46 ; 
Hnokeri, 25 ; involuta, 82, 278, 287 ; 
peregra, 10 , 180 ; burial, 27 ; food, 34, 

37 ; variation, 85 ; distribution, 282 ; 
palKstris, distribution, 282 ; stagnalis, 
food, 34, 37 ; variation, 85 , 95 ; cir- 
cum-oral lobes, 131 ; generative organs, 
414 ; breathing, 161 ; nervous system, 
204 ; distribution, 282 ; truncatula, 
parasite, 61 ; distribution, 282 

L im n ncard i u m , 435 
Limnotrochus^ 332, 4^5 
Liniopsis, 443 
Limpet-shaped shells, 244 
Limpets as food for birds, 56 ; rats, 57 ; 
birds and rats caught by, 57 ; as bait, 
118 

Lingula^ 464, 467, 468, 471, 472 , 473, 
475, 477, 478, 437 ; habits, 483 , -484 ; 
distribution, 485 ; fossil, 493, 494 , 503 ; 
stratigraphical distribution, 506, 508, 
510, 511 

Lingulellay 493, 503 ; stratigraphical dis- 
tribution, 506, 508, 511 
Lingulepis^ 503, 511 
Lingulidae, 485, 487, 496, 503, 508 
Linnarasnam, 504 5 stratigraphical distri- 
bution, 606, 608 
Lin trie. ul/i, 436 
Liobaikdlia. 290 
Ijiorae.s'iLs, 4^4 
LioplcLx, 340, 416 
Liostmnn, 4^4 
Liostracus, 443 
Liotia, 403 

Liparus, 324, 359, 441 
Lissoceras, 399 
Lithasui, 340, 417 
Lithidion, 414 
Lithoc.ardium, 455 
LiUnxloTiius, 443 

Lithoglyphus, 294, 296, 297, 475 
Litlwpomia, 409 
LitJudis, 302, 443 
Litiopfi, 30, 361, 415 

Littnrivu, 413 ; living out of water, 20 ; 
radula, 20, 215 ; habits, 50 ; protective 
coloration, 69 ; egg-laying, 126 ; hybrid 
union, 130 ; monstrosity, 251 , 262 ; 


operculum, 269 ; erosion, 276 ; Z. lit- 
torea, in America, 374 ; obtiisaia, gener- 
ative organs, 136; riulis, 150; Prof. 
Herdman’s experiments on, 151 n. 
Littorijiida, 475 
Lituites, 247, 395 
Liver, 239 ; liver-fluke, 61 
Livinhacea, 333, 359, 44 I 
Livona, 4 O 8 ; radula, 226 ; operculum, 268 
Lloyd, W. A., on Nassa, 193 
Lobiger, 432 
Lobites, 397 

I Loligo, 37S‘339 ; glands, 136; modified 
arm, 139 ; eye, 183 ; radula, 236 ; club, 
381 ; L. puncUita, egg-laying, 127 ; 
vxdgaris, larva, 133 
Loligopsis, 397 
LoliguncAda, 390 
Loliolus, 390 
LomanoUis, 433 
I^xphorercxts, 432 
Lifrica, 403 

Lowe, E. J., on growth of shell, 40 
Loxoneina, 477 
Luoapina, 4 O 6 
LucapinelUi, 4 O 6 
LxLcema, 447 
LucMellu, 348-351, 470 
Lncina, 270, 452 
Lucin/gysis, 454 
Lung, 151, 160 
Lunxdicardium, 455 
jAdetia, 452 
Lutraria, 446, 456 
Lychnus, 442 
Lycnisia, 453 

Lycnisiella, 453 ; branchiae, 168 
Lyra, stratigraphical distribution, 507 
Ly ria, 425 
Lyrodesnxa, 447 
Lysinor, 447 
Lytoceras, 393 

Maackia, 290 
MaajUlivruyla, 133 
Machomya, 453 
Maclurea, 470 
Macroceramxcs, 343-353, 442 
Macroceraji, 44^) 

Macrochilus, 417 

Macrochlamya, 296, 299, 301 f. , 310, 316- 
322, 440 

Macrocydis, 358, 369, 442 
Macron, 424 
MacroOn, 447 

Macrnscaphites, 247, 399, 399 
Macroschi-cmu, 266, 406 
Mojctra, 271, 446, 454 
Macularia, 285, 291, 292 f., 44^ 

Ma/fos, 506 ; 8tratigraj)hical distribution, 

507, 508 
I MageJlania, 500 
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Magilus, 76 , 

Mainwariiiguiy 302 
MalapUray 4^8 

Maleay 419 
MalUiiay 447 
MaUeiiSy 449 
MangUiay 4^6 

Mantle, 172 f., 173 ; lobes of, 177 
Margaritay 4 O 8 \ radula, 226 
Marginellay 4^5 ; radula, 221 
Mariaellay 314, 338, 449 
Marionia, 4^^ 

MarvioToslomUy 409 

Marrat, F. P., views on variation, 82 
Marscnlay 133 

MorseninUy 4 II 

MarfesiUy 305, 4^7 

Mastigoteuthisy 390 
MastuSy 296, 44^ 

Mathercmiciy 4^5 
Mathilday 250, -^7/ 

Maugeruiy 403 
Mazzaliiuiy 4^4 
MegalatractuSy 4^4 
Megalodontidae, 4^1 
Meyalomastoniay 344, 4^4 

MegalomphaluSy 4 IO 

Megaspiray 358, 44^ 

MegatebennuSy 4 O 6 
MegerliCy distribution, 486; 4 ^ 
MdadomuSy 249, 328, 331, 4 IO 
MelampuSy 18 , 199, 250, 439 , 4^9 
MeUmatriay 336 

Melaniay 276 , 417 , 411 \ distribution, 286, 
292 f., 316 f., 324, 336 
Melanidlay 44^ 

Melaniidae, origin, 17 
Melanism in Mollusca, 85 
Mdanop.HSy 4 II ; distribution, 285, 291, 
292 f. , 323, 326 
MdanthOy 340, 4 IO 
Mdapiurriy 4^4 
Mdeagrinay 449 
Mdiay 348 
MdibCy 432 

MdoTigenay 4^4 ; radula, 220 ; stomach, 
238 

MericUy 436 
Meristay 505 y 508 

Meroty 434 

Meropty 327 
MesaHUy 417 
Mesem\JbrinuSy 356, 443 
Mtsodtsmay 454 
Mesodoriy 340 , 441 
MesomphiXy 340, 440 
Mesorhytisy 377 

MeUiy 43 s 

MetiUay 434 
' Meyeria, 434 
Miamiray 434 

MicrocyttiiSy 323, 324, 327, 338, 44U 


Microgamy 4 O 8 

Micrmnekinioy 12, 297 
Microphystty protective habits, 70 

MicropUiXy 403 
MicropyrguSy 415 
Micnrvolutay 435 
MiddendorffixLy 4 OS 

Milner iay 451 
Mimicry, 66 

MinoliUy 4 O 8 

Mitray 435 ; radula, 221 

Mitrellay 433 

Mitreolay 435 
Mitrulariay 248 , 413 

Modioleiy 446, 4 ^ ; habits, 64 ; genital 
orifice, 242 

Modidarcxiy 449 
Modiolaruiy 4^ ; habits, 78 
ModiolopsiSy 453 
Modulus y 417 
Moniluiy 4 O 8 

Monkey devouring oysters, 59 
MonoceroSy 433 
Monocondylaeay 4^3 
MonodacJuiy 12, 297, 455 
Monodonfeiy 408y 408 ; tentaculae, 178 
Monogonoporay 134, 140 
Monomerellay 496, 504 

Momopleuray 456 
Monotisy 449 

Monotocardia, 9, 170, 4 II 
Monstrosities, 250 

Montacutay 453 ; M . femiginosay commen- 
sal, 80 ; svhstriatay parasitic, 77 
Mopaliay 403 

Moquin-Tandon, on breathing of Lim- 
naeidae, 162 ; on smell, 193 f. 
Mordetuiy 440 

MoriOy 430 
MormuSy 356, 443 

Moseley, H. N., on eyes of Chitony 187 f. 
Moussoniay 327 
Mouth, 209 

M'ucrmaliay 433 
Mucus, use of, 63 
Mulinioy 272 
MaUerixiy 344, 453 

MumioUiy 432 

Murchisoniay 265, 407 
Murchisoniidlay 432 

MureXy 433 ; attacks Arcay 60 ; nise of 
spines, 64 ; egg-capsules, 124 ; eye, 182 ; 
radula, 220 ; shell, 266 
Musical sounds, 50 

Mussels, cultivation of, 115 ; as bait, 116 ; 

poisonous, 117 ; on Great Eastern y 116 
MuteUiy 294, 328, 331, 336, 452 
MtUycUy 435 

Mya, 271, 275, 446 , 456 ; stylet, 240 ; 

M. arenarUiy variation, 84 
Myacea, 456 
Myalinay 449 
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Mycetopus^ 307, 316, 344, 452 

Myochxiina, 458 

My odor a, 4^S 

Myoplwria^ 448 

Myopsidae, 289 

Myrina^ 449 

Myristica^ 424 

Mytilacea, 448 

Mytiliiiieriay 458 

MytilopSy 452 

MyiilopsiSj 14 

MytUiiSy 258, 4^ \ gill filaments, 166, 
; M. edulisj 14, 165 ; attached to 
crabs, 48, 78 ; pierced by Purpura, 60 ; 
Bideford Bridge and, 117 ; rate of 
growth, 258 ; stylet, 240 
Myxostoum, 4^4 

N AC ELL A, 405 
Naiadina, 44^ 

Naniiia, 278, 300 f., 335, 440 ; radula, 
217, 232 

Napaeus, 296-299, 316, 442 
Naranio, 454 
Narica, 412 

Nassa, 423 ; egg-capsules, 126 ; sense of 
smell, 193 
Nassodonta, 423 
N as sop sis, 332 

Natica, 246, 263, 411 ; spawn, 126 ; 

operculum, 268 
Naticopsis, 409 
‘ Native * oysters, 106 
Nausitora, 15 
Nautiloidea, 393 

Nautilus, 254, 392, 295 ; modified arms, 
140 ; eye, 183 ; nervous system, 206 ; 
radula, 236 ; kidneys, 242 
Navicella, 267, 268, 324, 327, 410 \ 
origin, 17 

Navixula, 358, 442 

Navic^da (Diatom), cause of greening in 
oysters, 108 
Nectoteuthis, 389 
Neda, 431 

NematureUa, 12, 297 
Nemhrotha, 434 
Neobolus, 504 
Neobuccinum, 424 
Neocydotus, 357, 358 
Ntcmvmia, 8 , 133, 216, 228, 404 , 404% 
breathing organs, 164 ; nervous system, 
203 

Neothauma, 332 
Neotremata, 511 

Neptunea, 252, 262, 423-, egg-capsules, 
126 ; capture, 193 ; monstrosity, 261 
Nerinea, 417 

Nerita, 17 , 410 ; N. pdlUa used as money, 
97 

Neritidae, 260, 410 ; radula, 226 
Neritina, 266 , 410 i origin, 16, 17 , 21 ; 


egg-laying, 128 ; eye, 181 ; distribution, 
285, 291 f., 324, 327 ; N. /tuviatUis, 
habitat, 12, 25 
Neritoina, 410 

Neritopsis, 409 ; radula, 226 ; operculum, 
269 

Nervous system, 201 f. 

Nesiotis, 357, 442 

New Zealanders, use of shells, 99 

Nixida, 413 

Ninella, 409 

Niphonia, 408 

Niso, 422 

Nitiddla, 423 

Nodulus, 415 

Notarchus, 431 

Nothus, 358, 442 ! 

Noidbranchaea, 438 
Notodoris, 434 
Notoplax, 403 
Novaculina, 305 
Nucvla, 254, 269, 273, 447 
Nuculidae, otocyst, 197 ; foot, 201 
N'uculina, 448 

Nudi bran chi ata, 432 ; defined, 10 ; pro- 
tective and warning colours, 71 f. ; 
breathing organs, 159 
Nummulina, 295 
Nuttallina, 403 

Obba, 311, 315, 441 
(Mina, 306, 311, 312, 314, 319 
Oheliscus, 442 

OboUlla, 496, 604 \ stratigraphical distri- 
bution, 506, 508 
Obolidae, 496, 6 O 4 , 508 
Obelus, 504 , 508 ; embryonic shell, 509 

Ocinebra, 423 

Octopodidae, hectocotylised arm, 137, 139, 

140 

Octopus, 379 - 386 ; egg - capsules, 127 ; 

vision, 184 ; radula, 236 ; crop, 238 
Ocythoe, 384 % hectocotylus, 138 
OdontoTuaria, 407 
Odontostomus, 358, 442 

1^2 I parasitic. 78 

Oesophagus, 237 

Ohola, 434 

Oigopsidae, 390 

Oldhamina, 606, 508 

Oleadna, habits, 55 

Oliva, 199, 256, 275, 426, 426 

OlivanciUaria, 426 

OliveUa, 260, 267, 426 ; 0. hiplicata as 

money, 97 
Olivia, J^S 
Oirudaxis, 413 
Omalonyx, habitat, 23 
OmmoBtrephea, 6 , 378, 390 
Ommatophonss, 180, 187 « 

Omphalotropia, 306, 309, 316, 324, 827, 
338, 414 


INDEX 


527 


OiirhuiUUa, W 

Onchidiidae, 245 ; radula, 234 ; amis, 
241 

Oiuhidiopsisy 1^1 1 

OttchidiutHf ; breathing, 163; eyes, 

187 

Onchidoris^ radula, 230 
Onisciay 420 
OnobOf 4^^ 

Onychia^ 390 

OtiychoieuUiU, 390 ; club, 386 
Oocorys, 4^0 
Oopeita, 329, 440 
Opeas, 44^ 

Operculum, 267 f. 

OphidioceraSf 247, 395 

OphileUiy 4^^ 

Ojjisy 431 

Opisthobrauchiata, 4'^ J defined, 9 ; 
warning, etc., colours, 71 f. ; generative 
organs, 144 ; breathing organs, 158 ; 
organs of touch, 178 ; parapodia, 199 ; 
nervous system, 203 ; radula, 229 
OpistlioporuSy 266, 300, 314-316, 4^4 
Opisthoatonuiy 248, 309, 4^3 
Oppelui, 399 
Orbicula, 464 
Orbiculoidea, 504h 510 
Orders of Mollusca, 5-7 
Organs of sense, 177 
Origin of land Mollusca, 11 f. 
OniithtKhitoUy 403 
OrphnuSy 356, 44^ 

Orpielloy 4W 

OrUialicuSy 342-358, 366, 44^ \ 

27 ; variation, 87 ; jaw, 211 
233, 234 

Orthisy 505 ; stratigraphical distribution, 
506, 507, 511 
OrthoceraSy 394 , 394 
OrihonotcLy 437 

OrthotheteSy 505 ; stratigraphical distribu- 
tion, 507, 508 
OtpyoceraSy 247 
Osphradium, 194 f. 

Ostodesy 327 
Ostracoih&rtSy 62 

Osiretty 252, 258, 446, 440 ; intestine, 241 

Otiiiay 18, 439 

Otocoiidvay 326, 440 

Otocysts, 196 f., 197 

OUtpUitray 432 

Otopmnay 331, 338, 4^4 

Otostainusy 353, 443 

Ovary, 135 

O VO viviparous genera, 123 

Qoula. 7il9 : m otective coloration, 70, 75 ; 

radula, 80, 224 ; used as money, 97 
Ovum, development of fertilised, 130 
O.cycluniay 358 
^^^yyyrusy 422 ; foot, 200 
Oxyiioey 432 \ radula, 230 


habits, 

radula. 


Oyster-catchers, shells used by, 102 
Oyster, cultivation, 104-109 ; living out 
of water, 110; enemies, 110 f . ; repro- 
duction, 112 f. ; growth, 114 ; cookery, 
114; poisonous oysters, 114; vision, 
190 

pACusoDUSy 329-335, 44^* 443 

Pdchybathroiiy 435 

PachychilnSy 354 

Pachydesvia crassaidlaidesy money made 
from, 97 

Pachydomidae, 431 
Pachydrobiay 307, 413 
Pachylahray 4 IO 

Pachyoiusy 334, 336, 366, 358, 44 I 

PachypomUy 409 

Pachystylay 337, 440 

PachytypuSy 431 

PadoUuSy 407 

Palaearctic region, 284 f. 

Pcdatoneiloy 447 
Palaeosoleiiy 437 
Palaituty 327, 413 
Palioy 434 

Pallial line and sinus, 270 
Pcdliferay 340, 440 
Palliobranchiata, 464 

Paludiiuiy 410 ; penis, 136 ; eye, 181 ; 
vision, 184 ; P. viviparciy 24 — see also 
Vivipara 

PcdudomuSy 332, 336, 338, 417 
Panama, Mollusca of, 3 
Panda, 322, 325, 335 

Paivdoray 458 

Papuans, use of shells, 99 
Papiiinay 309, 319-324, 44 I 
ParameUinkiy 332 
Paramenia y 404 

Parasitic worms, 60 f. ; Mollusca, 74 f. 
ParastarUy 451 
Parkinsanitty 398 
Pannacdluy 245, 291, 294 f.,-438 u., 440 ; 

radula, 232 ; shell, 175 
PannacochleOy 322, 326, 440 
Parmariony 309, 44 O 
Parmdlay 326, 44 O 
ParmopJuyruSy 4 O 6 
PartlienOy 349-352, 360 , 441 
Parts of univalve shell, 262 ; bivalve, 269 
Partvla, 319-327, 326 , 442 \ radula, 233 
ParypJianttty 321, 325, 440 
Paryphostinnay 413 
Passamaidluy 332 

PateUay 405y 464 ; as food, 56 f. ; eye, 
182 ; radula, 214 , 215, 227 ; crop, 238; 
anus, 241 ; kidneys, 242; shell, 262 ; P. 
vuhjatay veliger, 132 ; breathing organs, 
etc., 156, 167 

Patelliform shell in various genera. 19 
Paterina, 509, 510, 511 
PatinellUy radula, 227 
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Patula, 297, 298, 318-338, 340, 44 I 
Paxillus^ 413 

Pearl oysters, 100 

Pecten^ 446, 460, 4^0 ; organs of touch, 
178 ; ocelli, 191 ; flight, 192 ; nervous 
system, 206 ; genital orifice, 242 ; liga- 
ment, 271 

Pectinodonta, 405 ; rad u la, 227 
Pectunculus, 44S 

Pedicularia, 75, 419 ; radula, 224 
Pedinogyra, 319, 322, 442 
Pedipes, 18, 199, 439, 439 
Pedum^ 450 
Pelagic Mollusca, 360 
Pelecypoda, 7, 445 ; development, 145 ; 
generative organs, 145 ; branchiae, 166- 
169 ; organs of touch, 178 ; eyes, 189 f. ; 
foot, 201 ; nervous system, 205 
Pdla, 333 
Pellicula^ 352, 4J^^ 

PeltoceraSy 399 
PentadactybtSj 423 
PeracliSy 436 
Pereiraeay 413 
Perideris^ 328-330, 443 
Periodicity in breeding, 129 
PeriophthalmuSy 187 
Periostracum, 275 
PeriploTnUf 4^9 
Perisphinct^y 399 
PerissodontUy 413 
PerissolaXy 424 
Peristemiay 424 

Pemay 44^ \ ligament, 271 

Pemostreay 443 
PeromaeuSy 358, 44^ 

Ptronixiy 443 
PerrieruLy 319, 44^ 

Perriniay 403 
Persiculay 4^5 
Persona ( = DistoTtio)y 4^0 
PetenuLy 353, 440 

Ptiersixiy 420 

PeiraeuSy 295, 331, 442 
Petricolay 454 
PhaceUopleuray 403 
PJuinerophthalmvLSy 430 
PhanetOy 408 
Phaniay 312, 

PhareUay 45'7 
PharuSy 45'7 

Pharynx, 210 

PhasianellcLy 409 

Phaitisy 333 

Phenomena of distribution, 362 
PhilvMy 245, 428, 430 ; protective colora- 
tion, 73 ; radula, 229, 230 
PhUomycaSy 245, 318, 440 

PhiltmexiSy 138 
Philopotamisy 304, 417 
PhtteiiicobiuSy 315, 441 
Pholadacea, 437 


Phfdadideay 457 
Pholadomyay 459 

Pholas, 245, 274, 447, ^7; in liesh 
water, 15 

PhoSy 424 

Photinulay 4O8 
Phragmophora, 386 

PhyUiduiy 434 ; breathing organs, 159 
Phyllirrhoey 360, 428, 433 
PhyllobranchiLSy 432 
PhyUoceraSy 398, 398; suture, 396 
PhylloteuthiSy 390 

PhysOy 439 ; aestivating out 01 water, 27 ; 
spinning threads, 29 ; sudden appear- 
ance, 46 ; osphradium, 195 ; nervous 
system, 200 ; radula, 236 ; P, hyp- 
noT^im, 23, 27 

PdeoluSy 410 
Pileopsisy 76 

PUoceraSy 394 

PinaxUiy 423 
Pineruiy 442 
Pimuiy 449 ; shell, 264 
PinnoctcpuSy 385 
PinnoihereSy 62 
PinoceraSy 398 
Pircnay 417 
PirenelUiy 4 I 6 
Piropsisy 424 
Pirvla — see Pyrvla 
Pisaniay 424 

Pisidiurriy 453 ; smell, 195 ; ova, 146 ; 

P, pusillumy distribution, 282 
PitySy 327 

PlacdbranchuSy 432 

PlacostyhiSy 322, 323-325, 359, 442 ; 
radula, 233 

PlacuTuiy 443 ; P» placenta used for 
windows, 101 
PloLCunanomiay 443 
PlacunopsiSy 443 

PlagioptychMy 347-361, 441 

PlagioptychttSy 456 
PlanaxiSy 417 

Planispiray 311, 312, 319, 441 
PlanoTbiSy 21 y 247, 439 ; monstrosity, 93 ; 

eye, 181 ; P. albuSy distribution, 282 
PlatyceroBy 76 , 412 
PlatydoriSy 434 
Platypoda, 4 II 
Platyschismay 413 
Plaxiphoray 403 
PlecochUuSy 442 
Plecotreiruiy 439 
PlectamhonUeSy 505 
PUctomya, 459 

PUctopylis, 303, 305. 314, 316 ; aperture, 

63 

PUctoslyltUy 858, 442 

PUsciotropis, 305, 306, 310, 811, 314-318, 

441 

Plecirophortuiy 298 
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PlesutsO/rfe^ 

Plesiofriton^ J^O 

Pleuruhronchnaty J^Sl ; jiiws, 212 
I^tettntbrfnivhoit/ea, / 

Plcuroffrouchius^ 245, 428, J^I ; warning 
coloration, 73 ; jaws, 212 ; radiila, 230 
Plenntcera^ 340, 4^7 
Pleiiroceridue, origin, 17 
Plcurodontfiy 348 ; aperture, 63 
Jde.nrolevra^ 433 
Plearomya, 438 
Plenropkorus^ 451 

Pleurophyllidiay 433 ; breathing organs, 
169 ; radula, 230 
Plen ropyrg us, 35 7 

P/eicrotoma, 426, 436 ; slit, 263, 265 
Pleurotomariay 266, 373, 376, 407, 407; 
prices given for recent, 122 ; slit, 156 ; 
radula, 226 
IHicatuhi, 430 

Pliny the elder, on use of snails, 118, 120 
Plt>cfnnopheruSy 434 
Plfte/ielaea, 433 
Phitouidy 298, UO 
PneunuHleniuf, 158, 437j 438 
PoecilozoniieSy 352, 440 
Poisonous bite of ConuSy 65 ; poisonous 
oystei*s, 114 ; mussels, 117 
PolycerUy 434 \ radula, 230 
PolycereUciy 434 
PolycmiiteSy 436 
PolydonteSy 346*351, 347, 44 I 
Pfdygona, 4^4 

^^••Ojgyray 340, 345-353, 447^ ; aperture, 63 

Pnlygyratia^ 246, 263, 357, 443 

PolymitOy 346*351, 347, 44 I 

Polyplacophora, 9, 4 OI f. ; radula, 228 

Pol yt rcm<iria y 266, 407f 

Pomatuiy 285, 293, 295, 44 I 

PumatiaSy 288, 289, 292 f., 302, 413 

Pomai t ops is, 4 13 

Pomuxdcu:, 409 

PompholyXy 250, 341, 439 

Ponsonhya, 332 

Poromyay 459 ; branchiae, 168 

Pfrrphyrobuphe, 27 y 356, 442 

Position of Mollusca in Animal Kingdom, 4 

Potamidesy 16, 4 16 

Pot/imomya, 15 

Pot/tmopyrgus, 325, 326, 415 

Poterioceratidae, 394 

PraPi'nrdiumy 459 

J^nisina, 440 

Prices given for rare shells, 121 
Primitive mollusc, form of, 245 ; types 

of, 7 

Prisagnsfer, 409 
Prisfilot/iOy 341, 440 
Prolxiscidella, 497, 504 
Pr^luctidae, 497, 500, 504, 508 
/*rMiir4^Sy 492, 501, 602, 504 ; strati- 
gra|>Wcal distribution, 508 
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PnwuichoteutlnSy 389 

Proneom^nUiy 404 \ breathing organs, 154 ; 

nervous system, 203 ; railula, 229 
Projdiysaon, 341, 44^ ; habits, 44 
Prttpilid intn y 403 
Proserpindy 21, 355, 4^0 
Proserpitu'Un, 354, 4 IO 
Proserpinidae, relation.shi]is, 21 
IVosobranchiata, 9, 404 L ; breathing 
organs, 154 
ProsocoeliiJiy 431 

Protective coloration, 69 f. ; in snails, 70 ; 
in Nudibranchs, 71 f. ; in other Mol- 
lusca, 74 
Protegulum, 509 

Protobran chiata, 447 ; branchiae, 166 
Protonuiy 417 
Protrernata, 511 
Provoador, 376, 435 

Psammobidy 436 

PscudochatiuOy 328-330, 443 
Pseiidedmonduiy 433 
Pseudohalea y 350 
Pseudo-deltidium, 498, 511 
Psetulodouy 295, 307, 433 
Pseudolamellibrauchiata, 167, 449 
Pseiuiolivii y 434 
Pscudomelania, 417 
Pseudomil aXy 296, 440 
PseudomureXy 433 
Psexuloporlida, 323 
Pseudosttbulinay 440 
Ptenoglossa, 224, 4 II 
Ptcrinacay 449 
Pteroeeras, 256, 262, 4^8 
PteroctopxLSy 384 

PtenKijduSy 266, 267, 300, 316, 414 ; 
tube, 157 

Pterodontay 4 I 8 

Pteropoda, 7, 434 ; breathing organs, 158 ; 

foot, 200 ; radula, 230 
Pterotraehaeay 431; foot, 200; radula, 227 
Ptychatroctus, 434 
PtycJuK'eraSy 399 

Ptyc/oMlesmOy 432 
Pugilinay 434 

Puimonata, 10, 22, 151, 185, 43S ; origin, 
17, 19 ; breathing organs, 160 ; nervous 
system, 203 
Pulsed ton y 4U 
Piuicfum, 441 
Puuctureda, 266, 4 O 6 
Pupa, 289, 296, 325-357, 44^ ; P. cinnro, 
hybrid union, 129 
Pupidae, radula, 233 
Pupilld, 443 
Pupillacdy 4^^* 

Papina y 157, 266, 309, 318-327, 414 
Pupinella, 318, 4l7f^ 

j Purpura, 423 ; operculum, 269 ; erosion, 

I 276 : P. coronatdy 367 ; Jbeil ing 

i on Mytilus, 60 ; on oysters. 111 ; pro"^ 

2 M 
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tective coloration, 69 ; variation, 90 ; 
egg-cap.-^ules, 124 ; time of breeding, 
129 ; distribution, 363 n. 

Purpuroideo, J!f23 
PusUmella^ 4^6 
Pygocardia, 

Pygopcy 497 
PyramideUaj 4^2 
Pyramidellidae, 262 
Pyrazus^ ^0 ^ 416 
Pyryina, 330 
Pyrgula, 415 
Pyrochiltis, 441 
Pyrolofusm^ 423 

Pyrula ( = Pirvla\ 41^ t 420 ; spawn, 125 ; 

operculum, 269 
Pythina^ 4o3 


Quexstedtia, 45 fJ 

ipioyia^ 260, ^77 

Rachiglossa, 220, 422 ; eggs, 124 
liachis, 329-335, 441, 442 
Rcidioliles^ 456 
Radius, 419 
Hadsia, 403 

Radula, 213 f. ; of Littorina, 20 ; of 
Cyclopharus, 21 ; of parasitic Mollusca, 
79 

Rmta, 454 

Rxinella, 256, 420 

Range of distribution, 362 f. 

Rangia, 15, 453 
Ranularia, 420 
Rapa, 42 s 
Rapancc, 423 
Raphaulus, 305, 309 
Rathouisia, 316, 440 
Rats devouring Mollusca, 57 
Realia, 316, 327, 414 
Rtcluzia, 411 

Rectum, 241 , 

Registoma, 414 / 

Relationship of Mollusca to other groups, 5 
Renssoellaria, 512 / 

Reproductive activity of oyiter, 112 ; 

system in Mollusca, 123, 13^ f. 
Requienia, 269, 456 , 455 I 

Respiration, 150 f.- / 

Reizia, 508 / 

Revoilia, 331, 414 
Reymondia, 332 
RJwbdoceras, 398 
Rhagada, 311, 324 
Rhenea, 325, 440 
Rhinohol us, 504 ' 

RJiiosioma, 247, 266 . 309, 4,14 
Rhipidoglos.Ma,,225, 405 
RJiizochilus, 7 
Rhodea, 356 , 

Rtiodina, 307, 

RRynctwntUa, 466, 470, 471, 472, 474, 



1 483, 451f ; distribution, 487 ; fossil, 492, 

497, 499, 505 ; stratigraphical distribu- 
tion, 506, 507, 508, 511 
Rhynchonellidae, 487, 501, 505 ; strati- 
graphical distribution, 507, 508, 511 
Rhysota, 67, 310, 314, 316, 319, 44 O 
RhytUia, 319-326, 333, 359, 44 O ; habits, 
54 ; radula, 232 
RiUya, 4dfi, 

RbneUa, 415 
Rimula, 265, 4 O 6 
Ringicula, 430 ; radula, 230 
Risella, 415 
Rissoa, 415 
Rissoina, 415 
Robillardia, 77 
Rochehrunia, 331, 414 
Rock-boring snails, 49 
Rolleia, 349 
Rossia, 389 
Rostellaria, 415 
Rudistae, J^6 
Rumina, 260, 442 

Runcina, 451 ; protective coloration, 73 
Sab ATI A, 430 

Sactoceras, 394 

Sagda, 348*351, 441 

Sageceras, 398 

SalasieUa, 353, 440 

Salivary glands, 237 

Sandford, on strength of Helix, 45 

Sandwich islanders, use of shells, 99 

Sanguinolaria, 456 

Sarepta, 441 

Sarvmtic^is, 409 

Satsujna, 314, 316, 441 

Saxicava, 447, 457 

Saxidortius arata, money mode from, 97 
ScaUtrut, 247, 263, 411 ; radula, 224 
ScaZdia, 452 
Sadenostmrm, 422 
Sadiola, 415 

Scaphander, 428 , 429, 450 ; radula, 231 ; 

gizzard, 238 
Scaphites, 399, 599 

Scaphopoda, 444 * defined, 6 ; breathing 
organs, 160; nervous system, 205; 

radula, 236 

Scaphvla, 14 , 305, 445 
ScaraJbus, 18 , 278, 439 , 459 
Scharff, R., on food of slugs, ^1 ; on pro- 
tective coloration in slugs, 70 
Schasicheila, 347, 351, 354, 410 
Schismope, 266 , 407 
Schizochiton, 187, 402, 405 
Schizodus, 445 
Schizoglossa, 325, 440 
Schizoplax, 405 
Schizostnvia, 415 
Stfhloenhacia, 398 
Scintilla, 175, 455 
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tSi^issurr/lff, 205, ^07 ; radula, 220 
iSi’-lert>chifini, 

Scrohicularut, 15, 164 , ^ ; siphons, 164 
Scvlptxiriay 333 

ScxirricLy 1^05 

Scntalusy 356, 442 

Scutellastra^ 405 

Scutus, 245, 406 , 4OG 

Scyllum, 433 ; jaws, 212 ; stomach, 239 

Segmentxna^ 320 

Selenite.% 339, 341, 44O 

Selenitidae, radiila, 231 

SdenocJUamySf 296 

Self-fertilisation, 42-44 

Semde^ 453 

Seiniccissis, 430 

Semper, K., 011 habits of Lirtirmta^ 34 ; of 
Hdiairioii^ 45, 67 ; on mimicry, 67 ; 
on parasitic Eidivui, 79 ; on develop- 
ment of Limimea^ 84, 94 ; on sexual 
.*• ;<turity in snails, 129; on Onchidiuin, 
187 

Sepiu, 381, 385-387, 380 ; egg capsules, 
127 ; glands, 136; jaws, 214; radnla, 
236 ; alimentary canal, 238 ; ink-sac, 
241 ; hectocotylus, 389 
Sepiadariumy 389 
SepidUiy 389 

SepiolUy 389 ; glands, 136 ; radnla, 236 
Sepioloidea, 389 
Sepiophora, 388 

Sepiotexithisy 390 ; hectocotylus, 139 
SeptarkLy 337, 338, 4IO 
Septibranchiata, 145, 167, 459 \ branchiae, 

166 

Septifery 274, 440 
SeqxLenzitty 430 
Sergius Grata, 104 
Serrif icsuSy 434 
Sesaruy 305, 440 
Sex, differences of, 133 
Shell, 244 f. ; internal, 174 ; shape of 
bivalve, 445 

Shell-gland, primitive, 132 
Shells as money, 96 f. ; as ornament, etc., 
98 f. ; various uses of, 98 f. ; prices given 
for rare, 121 ; sinistral, 249 
Shores of N. Asia, no littoral fauna, 2 
Showers of shells, 47 

Sigaretusy 186 , 245 , 267, 4 II *, foot, 198 
Sight, 180 

SilenUiy 459 ; branchiae, 168 
Silia, 435 

Siliqtuty 274, 4^7 
Siliquariay 248 , 4^3 
Simniay 419 

Simpulopsisy 345, 350, 442 

Simpuluuiy 430 

Simroth, on recent forms of lldiXy 22 • 
on food of slugs, 31 ; on crawling of 

JldiXy 45 

Singular habitat, 48 * 


Sinistral shells, 249 
SinistrtdUty 434 
Siniisigeray 133 
Siphoy 434 

Siplwiialiciy 424 

Siplionarmy 18, 431 ; classification, 19 ; 

breathing organs, 151, 162 
Siphonarioidea, 431 
SiphonodentaliuiTiy 4U 
Siphonostomata, 156 

Siphonotretay 493, 496, 504 ; stratigraphi- 
cal distribution, 507, 508 
Siphons, 173 ; in burrowing genera, 165 ; 
branchial, 155 

Sistruitiy 75, 433 ; radula of S, svcctrum. 

^ 79 , 55 ^”- 

Sitalay 301, 304, 310, 314-319, 333, 440 
Skargard, Mollusca of the, 13 

Skeneay 415 
Skenidiumy 505y 508 
Slit, in Gasteropoda, 265, 406 
Slugs, habits and food of, 30 f. ; bite 
hand of captor, 33 ; in bee-hives, 36 ; 
in greenhouses, 36 ; protective colora- 
tion, 70 ; eaten in England, 120 
Smaragdiay 21 

Smaragdinella, 430 
Smell, sense of, 192 

Smith, W. Anderson, quoted, 98, 111 
114, 191 

Snails as barometers, 50 ; plants fertilised 
by, 102 :_c ultivation for food, 118 f. ; 

sed for cream, 119 ; as medicine, 120 ; 
banned by the Church, 121 
Solaridltty 4 O 8 ; radula, 225 
Solariuiriy 264 , 412 y 413 ; radula, 224 
Solaropsisy 343, 353-357, 442 

SolecuriuSy 166 , 457 

SoleUy 171, 446, 457 ; vision, 190 ; habits, 45 
SolenauLy 452 

Soleiwmyay 275, 448 
Solenotdlinay 456 
Solomon islanders, use of shells, 98 
SoinatogyruSy 415 
SophiTuiy 305 

Spallanzani, experiments on HdiXy 163 
Spat, fall of, 113 
Spathtty 294, 331, 336, 452 
Spekuiy 333 

Spermatophore, in Cephalopoda, 137 ; in 
HdiXy 142 

Spermatozoa, forms of, 136 
Sphaeriurriy 453 
Sphenkiy 456 
SphenodiscuSy 398 
Sphyradiuiriy 443 
Spines, use of, 64 
SpiraculniUy 266, 414 
SpiraxiSy 443 

SpirialiSy 249 

Spiriferay 468, 601 , 505 ; str.atigi aphical 
distribution, 507, 508, ,511, 512 
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Spiriferid.'if, .">01, .>^a7, ">0^^ 

Sjii rlfrri mt , slrat i^ra}>liical disti'iOat ion 

r)0'7, .')0S 

S|)ii’<)l)rancliiata, 404 
Sjjirotropi.'i, ; radnla, 218, 219 
S/nruh, 247, 386, .7<S7, 388 
Sfnntlirost ra^ 380, 386, 3SS 
Spondylium, 500 

Sjtondijlvs, 257, 446, 460, ocelli, 

191 ; genital orifice, 242 
S/)nn(/ iohra nch aea , J^37 
Spnnfj iorh it on , //J3 
SjKrrtelld^ 453 
Starfish eat oysters, 110 
Stearns, R. E. C., on tenacity of life, 38 
Stcffutierd ^ 306 

Stenortiis/n/fy 505 ; stratigrai)hical distri- 
bution, 507, 508 

Stenogjjra , 324, 443 ; >8. decdlaixiy 279 : 
food, -34; smell, 194; Goodalliiy 279; 
octondy sudden appearance, 47 
Stenogyridae, radula, 234 

44^^ I habits, 45 
Sfenott///n(y 413 
St e not is y 410 
Stenntremdy 340, 44^ 

Strpti d n nee raSy 300 
Stej/S((/iod(f-y 358 

^til//erinay76, 433 

StiligeTy 432 

St Hina y 76 

Stoastennny 348-351, 4^0 
Stoloteuthisy 280 
Stomach, 239 
Stomatdtu y 4 O 8 

Stotnatidy 40 s 

SUmdtodjniy 302, ^/7 
Streheliay 353, 440 
Strength of lleliXy 45 

StrephofHisiSy 417f 
Strcpsldura.y 424 
StreplauluSy 4^4 

Streptdxisy 302, 306, 309, 314-331, 343, 
357-359, 440 ; variation, 87 
Streptoneura, 203, 404 

Streplosiphofiy 4^4 

St reptostelCy 329, 338, 440 
StreplostyUiy 343-355, 363, 440 
Stricklandi/ty 505 ; stratigraphical distri- 
bution, 507, 508 
Sirigalella y 423 
Stringocephalidae, 506y 508 
StringocephaJuSy 492, 497, 498, 500, 501, 
506 ; stratigraphical distribution, 507, 
508 

SUobildy 340, 345-353 

StrntnlopSy 442 

Strombidae, habits, 64 ; penis, 136 

StromhinUy 423 

Strondnuiy 69 200, 252, 418 'y mimicking 
Cviixuiy 69 ; operculum, 78, 269 ; pearls 


from, 101 ; nietapodium, 199 ; .stomach, 
239 

Stroplidtusitty 504 ; stratigraj)hical distri- 
bution, 507, 508 
Stropticodontdy 497, 505^ 508 
Strophid, 343-355, 442 ; S. nandy 278 
SlrophochiluSy 358, 441 
Stroptiomendy 499, 505 ; stratigiapliical 
distribution, 507, 508 
Strophomenidae, 500, 505 y 508 
Stroptiostonid.y 248, 414 
Structure of shell, 252 
Strath iotaridy 99, 4^8 ; radula, 216 

Stytioldy 437 

Sti/lddontdy 339, 447 

Stylomrnatophora, 11, 18],>^i9 ; origin, 19 
Snhemd rg i n uhi , 4 06 
Submytilacen, 431 

Suhnlaridy 422 

Suhnlindy 332, 352, 442 

SuhalitrSy 420 

Succined, 325, 327, 358, 443 , ja.. , 211 
S. pvtrisy paiasite of, 61 
Succineidae, 443 ; radula, 234 
Sudden appearance of Mollusca, 46 
Suessidy stratigraphical distribution, 507 
Sulphuric acid, 237 

Sarciddy 426 
Sf/cotgpicsy 424 
Syiuiptocochledy 4 OS 
Syndosjnyay 433 
SyringoihyriSy 500, 508 
Sy moldy ^2 

Syrnolopsis, 332, 333 
Systrophidy 356, 357 

T AC HE A, 447 
Taenioglossa, 223, 417 

Tdhxltidy 41 It 
Talondy 437 

TandlUty 304, 477 

Tam reclidy 433 

Tnnganyiciay 332, >^75 
Tanganyika, L., fauna of, 12 
Tany siphon y 434 
Tauniicsy 391 , 391 
Tapes y 434 
Taste, 179 

TehennophormSy 143, 340, 47t0 

TectariuSy 473 
Tectibranchiata, 10, 429 

Tfcturdy 305, 403 

TectnSy 40 S 

Teeth in aperture of !'• -shell, 63 
Teinttsloind y 247, 408 

Teinotisy 407 

Telescop ixitn y 252, 476 
Tfllindy 446, 453 , 433 ; T. haWuca, varia- 
tion, 84 
Tellinacea, 4^3 
Telotremata, 511 
Tenacity of life, 37 
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Tenison - Wooiis, ou red blood, 171 ; on 
shell-eyes, 189 

Tenneiit, Sir J. E., on musical sounds 
produced by Mollusca, 50 
TenaentUi, 304, 314, 338, 

Terd>€Hu)iu 4^^ \ juinping powers, 04 
Terehra, 246, 203, 426, ; radula, 219 

Terebratella, 408, 4S'7 ; distribution, 480 ; 
fossil, 50G ; stratigraphical distribu- 
tion, 508 

TercbratuUi, 467, 468, 4S7 ; size, 484 ; 
distribution, 485, 480 ; fossil, 492, 499, 
506 ; stratigraphical distribution, 500, 
507, 508 • 

Terebratulidae, 4^7 ; fossil, 500, 505, 506 ; 

stratigraphical distribution, 507, 508 
TerelmUiilina, 466, 479, 4^7 ; larva, 

482 ; distribution, 486 ; fossil, 506 : 
stratigraphiciil distribution, 508 ; form 
of shell, 510 
Teredina, 4^7 

Teredo, 262, 467, 4^8 ; nervous system, 
206 ; intestine, 241 

Terfjiites, 488 
Terqnemia, 480 

TestcvcelLa, 22, 52, 446 ; habits, etc., 49, 
51 f. ; pulmonary orifice, 100 ; eyes, 
186 ; radula, 231 ; anus, 241 
Testicardines, 466, 487 ; muscles, 476 ; 
fossil, 497, 504 ; external characters, 
497 ; internal characters, 499 ; attach- 
ment of muscles, 501 ; stratigraphical 
distribution, 508 
Testis, 135 
Tethyidae, 216 
Teth]fs, 482 

Tetrabranchiata, 391 f. 

Tfudn, 425 
Th(d(issia, 319 
Thdhdia, 468 
TIuipsia, 329 
Thaanuisia, 349, 448 
Thau mnstos, 356, 448 
Thecaccra^ 434 ; radula, 229 
Tliecidiidae, 487 ; fossil, 501, 506, 508 
Theculium, 475, 479, 480, 483, 487; fossil, 
506, 508 

Thecosomata, 485 
Thelidtnnus, 346-351, 360, 44^ 

Theara, 458 
Therasia, 441 

Tkersites (Ilelici«lae). 322, 325 
Thersites ( Faseiolariidae), 487f 

Thetis, 4~*4 

Thracia, 24.5, 489 
'I'll read -s]»i lining, 29 
Thridarh ia, 432 
Thjfca, 70, 79 
Thj/rtqthnrella, 33U, 44^^ 

Thifsa uoteuth is, 390 
’Tit'di’tnau uia , veliger, 132 
Tiphuhia, 332, 333, 3/7 
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Titicaca, L., Mollusca of, 25 
TodariHlcs, 300 
Tomichia, 414 

Tom{4jerus, 334, 350, 358, 448 
Tomocyclus, 354 
Tomostele, 330, 446 
Tonicella, 4d)3 
Totiicia, 463 ; eves, 188 
ToreUia, 411 

Torinki, 473 ; radula, 224 ; oi>erculum, 
269 

TornatcUina, 278, 319, 323-327, 338, 358, 
443 

Tuniatina, 250, 430 
Torquilla, 48^8 
Touca.'tki, 485 
'rouch, sense of, 177 
Toxoglossa, 218,4-^6? 

Teach id, 314 
Tro.chyccras, 397 
Trachydertnon, 463 
Trachy tenth is, 389 
Tralia, 439 
Transmoda, 479 

Trematis, 492, 493, 504 \ stratigraphical 
distribution, 507, 508 
Treinatonotus, 467 

Tremoctojms, 384 \ radula, 230 ; hecto- 
cotylus, 137 
T revel yaua, 484 
Trirhia, 316 
Trichotrupis, 275, 477 
Tricula, 302 
Tridncna, 273, 435 
Triforis, 476 ; radula, 224 
Tri (J071 ell i tes, 397 

Triyonia, 16, 254, 269, 448; jumping 
powers, 65 ; distribution, 370 
TriyonochUnuys, 296, 446 
TrUjonostoma, 426 
Trimerella, 496, 508, 511 

Trimerellidae, 493, 494, 496, 504 ; strati- 
graphical distribution, 507, 508 
Trinacria, 448 
Triodopsis, 340, 44^ 

Triopa, 484 
Trio pell a, 484 
Triopha, 484 
T ritaxeopus, 385 

Triton, 256, 276, 420 ; jaws, 212 
Triton in, 433 ; protective coloration, 71 
Tritonidea, 484 
Trivia, 479 

'rrochidae, egg-ca})sules, 125 
TrtK‘h isi'.us, 468 
Trochita, 248, 418 
Troehis’eras, 395 
TrtH’holifes, 395) 

Trnrhumorpha, 306, 321, 324, 327, 333, 

44 1 

Trtu'honn ni no , 331. 440 
'I’rochosphere, 5, 130 


Trochotoin/f , 266, ^07 

Trochm^ 263, 408 ; eye, 182 ; stomach 
239 

Trophon, 4^8 

Tropical beach, Mollusca of a, 3 
Tropidophora^ 414 
Tropites^ 397 
Troscheliay 4^4 
Truncaria^ 4^3 
Truncatdla^ 260, 414 
Tryhlidiurriy 405 
Trypanostoma^ 340 

Trypho of Lampsacus, prayer against snails, 
121 

Tubed operculates, 157, 266, 300, 307, 
309 

Tudicla^ 424 

Tud(yra, 291, 349, 351, 414 

Tugonia^ 456 

Tulotoma, 340, 410 

Turbindla, 100, 262, 264, 424, 4^4 

Turbo 409 r ; osphradium, 195 ; 

operculum, 268 
Turbonilla^ 250, 332, 4^2 
Turcica i 4 O 8 

Turricula, 425 ; radula, 221 
TurrilitcSy 399, 399 
Turritdlay 252, 4 II > radula, 215, 224 
Tyleria, 459 
Tylodina^ 431 
Tylopoma, 4 IO 
TympanotonuSj 410 
Tyndaria^ 44'^ 

TyphiSy 423 

Ultra-dextral shells, 250 

Umhondlay 409 
Umhcmiumy 409 

Umbrella, 10, 481 ; radula, 217, 230 
UnciteSy 505 ; stratigraphical distribution, 
507, 508 

Underground snails, 48 
Ungvlina, 452 
Unicardium, 452 

Unto, 452 ; shell, 254, 259, 273, 341 ; 

variation, 92 
Union of Limax, 128 
Unionidae, origin of, 15 ; eaten by rats, 
57 ; larvae, 146 
Urocyclus, 331, 440 
Urosalpinx, 423 
UtriculuSy 480 
V vanilla, J^9 

Vaginvla, 245, 319, 343, 352, 448 
Vaginulidae, radula, 234 ; anus, 241 
Vtdletia, 456 
Vallunia, 441 

VulcuUi, 133, 410 ; braiichia, 159 
Valves of Chitonidae, 401 f. 

Vanyandla, ’454 
Variation, 82 f. 


I Varicella, 346, 348 
Vdates, 260, 410 
Vdifera, 353, 440 

Veliger stage, 131 ; mistaken for i)erfect 
form, 133 
Vdorita, 302, 458 
Velum, 131 

Vdutina, 275, 4 II \ radula, 223 

Veneracea, 454 

Venericardia, 451 

Venerupis, 454 

VenieU(t;-451 

Venilicardia, 451 

Venus^ 270^2 71^ 446, 454 J V mercenaria^ 

' 97, 374 — 

Verania, 391 

Vermetus, 2\7,418', radula, 223 
Veronicdla, 448 
Verticordia, 458 

I Vertigo, 327, 442 ; T. arclica, 287 
VexilUi, J^S 
Vibex,417 
Vitrdla, 289 

Vitrina, 22, 296 f., 332, 440 ; hardy 
I habits, 24 ; jumping powers, 65 ; shell, 
175 ; radula, 217 
Vitrindla, 4O8 
VUnniconus, 314, 449 
Vitrinoidea, 314, 440 
Vitrinozonites, 340, 44^ 

Viiularia, 428 
Vivipara, 324, 343, 4 IO 
VobiTM'' of water, effect in producing 
v.'iiuitioii, 94 

Valuta, 267, 425, 425', spawn, 125 ; radula, 
217, 221 ; distribution, 370 ; prices 
given for rare, 122 
VolutaxU, 348 
Volutharpa, 267, 424 
Volutolithes, 425 
Volutolyria, 425 ; radula, 222 
VoluUymitra, J^5 ; radula, 221 
Volutopsis, 423 
Volvaria, 429 
Volvatdla, 480 
Volvula, 480 
Vulsella, 75, 446, 440 

Waldhetmia, 464, 467, 468, 473, 474, 
487 ; size, 484 ; distribution, 486 ; fossil, 
500, 501, 502, 506, 508 
Walton and mussel cultivation, 115 
Wampum, 97 
Warner, R., quoted, 37 
Warning coloration, 71 f. 

West Coast, South America, melanism of 
shells occurring on, 85 
Wlielks, use of, 118 
Whilneya, 424 

Wliitstable, oyster- parks at, 106, 11- 
Willem, V., on vision of Mollusca, 185 
Wollaston, T. V., quottMl, 32 
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Wo^,- Rev. J. G., on starfish eating 
oysters, 111 
Woodia, 4S1 

Woodward, S. P., on tenacity of life, 38 ; 
Dr., on the same, 38 

Wotton, F. W., on egg-laying of Arion^ 42 
Wright, Bryce, on tenacity of life, 38 

Xbnophora, 412 ; habits, 64 
XeTtopcyinUj 346, 351 
XerophUa, 285, 296, 441 
Xesta^ 310, 319, 321, 440 ; mimicry by, 
66 f. 

Xylophagay 4^7 


VETUSy 425 

YcldiuLy 441 f genital orifice, 242 

ZAQRABICAy 297 
Zebrina^ 285, 296, 44^ 

Zeidora^ 406 
ZidoTuiy 425 
Zitteluiy 4^0 
Zones of depth, 361 

ZoniteSy 275, 440 ; food, 33 ; radula, 232 ; 

distribution, 294, 296, 340 
Zospeuruy 187, 44^ 

Zygobranchiata, 154, 406 
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